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SUMMARY

Li Yuanyuan. Information technology of estimation of diversification
strategies for construction enterprises under wuncertainty. — Qualifying
scientific work as a manuscript.

Thesis for the Doctor of Philosophy Degree in Specialty 126 «Information
Systems and Technologies». — Taras Shevchenko National University of Kyiv,
Kyiv, 2024.

Abstract. The dissertation is devoted to constructing methods, models and
information technology for forming, evaluating and selecting diversification
strategies for construction enterprises in conditions of uncertainty. The developed
methods and models can be used to solve the current scientific and practical task of
increasing the management efficiency and profitability of construction enterprises
in conditions of insufficient information under the influence of technological,
economic, political, social and other external factors, the consequences of which
cannot be predicted.

One of the methods that allow solving this problem is the diversification of
the activities of construction enterprises. The relevance of the task of
diversification for construction enterprises is based on several key factors. The first
factor is the demand for the development of the construction industry in conditions
of rapid economic growth in countries with favorable conditions. Rapid economic
growth is manifested in an increase in the country's GDP, an improvement in the
population's standard of living, an increase in employment, the development of
infrastructure, an increase in the volume of trade and foreign investment, etc. The
People's Republic of China is known for its impressive economic growth over the
past decades. This achievement was possible due to the rapid pace of
industrialization, an export-oriented approach to the economy, and the
comprehensive implementation of reforms. Diversification can help businesses use
their resources, such as human resources, equipment, and technology, more
efficiently by expanding their applications in different markets or industries.

Diversification can give a construction company a competitive advantage,
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providing it with a more flexible and adaptive business approach that will expand
the range of services to meet the needs of different customers. However, the
construction industry is known for its high vulnerability to economic fluctuations
and changes in the market situation, economic situation, political turbulence and
conflicts.

That is why, in these conditions, several unresolved issues arise. More
studies need to be conducted regarding including a separate diversification center
in the company's organizational structure, whose activities aim to form, evaluate,
and choose the company's diversification strategies. Also, in the case of horizontal
integration, the influence of the choice of construction technologies and the choice
of the values of the technical and economic parameters of construction on the
choice of the diversification strategy of the construction enterprise has yet to be
clarified. There needs to be sufficiently reliable methods of evaluating and
selecting diversification strategies that would provide an opportunity to increase
the profitability of construction companies.

The creation of methods and models for forming, evaluating, and selecting
diversification strategies for construction enterprises will increase their
productivity and profitability and expand theoretical and practical developments in
this direction.

Therefore, this dissertation solves an important task, namely, the
development of models, methods and information technology for choosing rational
strategies for the diversification of construction companies, which is characterized
by taking into account changes in the structure of organizational environments of
companies and organically combines the entire range of activities of companies in
conditions of uncertainty ( scientific component). Automating the evaluation and
selection of diversification strategies is also solved. The developed methods and
models are integrated into the relevant information technology (practical

component).



The object of the study is the processes related to the evaluation and
decision-making regarding the choice of diversification strategies for construction
companies in uncertain conditions.

The subject of the research is the methods, models and information
technology of managing the activities of construction companies in terms of
forming, evaluating and choosing rational diversification strategies in conditions of
uncertainty.

Research methods. The research is based on knowledge presentation and
processing methods, evaluation methods, monitoring of construction companies
and their organizational structures, object-oriented programming, project
management.

The study aims to develop methods, models, and information technology
for evaluating and choosing diversification strategies for construction companies to
manage their activities in uncertain conditions.

The scientific novelty of the obtained results:

« for the first time, a model for choosing rational diversification strategies of
construction companies is described based on an expert assessment of the technical
and economic parameters of construction, which takes into account the most
significant indicators and allows taking into account the advantages of participants
in the construction process.

* the method of evaluating diversification strategies of construction
companies has been improved, which is distinguished by taking into account
changes in the structure of organizational environments of companies, which is
characteristic of conditions of uncertainty and allows to increase the efficiency of
their management.

* the method of forming diversification strategies has been improved, which
takes into account the analysis of information about the activities of construction
companies based on engineering and the concept of open sources, which is used to
create a list of alternatives in the task of choosing rational strategies for the

diversification of companies and allows expanding their management capabilities;
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« improved information technology for evaluating and choosing
diversification strategies of construction companies in conditions of uncertainty,
which is distinguished by taking into account the technical and economic
parameters of construction and the advantages of participants in the construction
process and allows expanding management capabilities and rationalizing the
choice of diversification strategies of construction companies.

» received further development of the conceptual presentation of the
structural model of the organizational environment of construction companies,
which takes into account the diversification of their activities and is distinguished
by the fact that it organically combines the entire range of activities of project-
oriented companies in conditions of uncertainty.

The first chapter describes the peculiarities of the diversification of
construction enterprises, the main concepts, types of diversification, and the
possible effects of the diversification of activities. The relevance of the
development of the construction industry and the diversification of the activities of
construction companies are substantiated. The possible consequences after the
diversification of the construction industry are characterized by conditions of
uncertainty and risk: more effective use of human resources, equipment and
technologies, risk reduction, intensification of post-war reconstruction (in Ukraine),
an increase in the level of development of infrastructure, manufacturing and
housing construction in countries with rapid economic growth (especially in the
People's Republic of China).

The well-known methods of multi-criteria decision-making are described,
which motivate the application of decision-making strategies in the conditions of
formation and evaluation regarding the diversification of the activities of the
construction enterprise. It is indicated that since diversification strategies can have
a significant number of evaluation criteria due to the presence of many
stakeholders, financial needs, diversity and heterogeneity of the industry, the
application of new or modification of known methods of multi-criteria decision-

making can help solve the task of evaluating diversification strategies of
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construction enterprises. Since the task of assessing the diversification strategies of
construction companies is complex and has many influencing factors, it is essential
to develop information technology that would significantly simplify the work of
the construction company's decision-maker or management team.

In the second chapter, it is established that in the uncertain conditions in
which construction companies operate, it is necessary to change the perception of
the organizational environment of the construction company, which consists of the
internal and external environment and task environment. These components of the
same organizational environment were described with the caveat of the need to
include a separate component corresponding to diversification tasks. Thus, because
of the study, the conceptual presentation of the structural model of the
organizational environment of construction companies, which takes into account
the diversification of their activities and is distinguished by the fact that it
organically combines the entire range of activities of companies in conditions of
uncertainty, received further development.

A formal presentation of construction technology and the task of choosing a
construction technology is described. The choice of construction technology, in
combination with the analysis of the competitive market and the analysis of
technical and economic requirements for the task of diversification, makes it
possible to thoroughly approach the formation of diversification strategies for the
construction company. The concept of the formation of diversification strategies of
construction companies is described, considering the principles of engineering,
which takes into account six main stages from the formation of requirements for
diversification activities to the evaluation of the results of implementing the
diversification strategy in construction projects. A list of advantages from the
formation of diversification strategies based on new principles is described: the
ability to reflect complex diversification processes and management processes of
construction companies in conditions of uncertainty, taking into account
engineering; the ability to create, evaluate and implement diversification strategies

and use a scientifically based selection of optimal diversification strategies that are
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aimed at increasing the profits of the construction company, increasing the
credibility of the analysis of diversification data and the competitive market, using
the concept of open data, etc.

The third chapter describes the general task of the multi-criteria selection
of diversification strategies for construction companies, which can be used in
conditions of uncertainty when the external environment influences the company's
activities: technological changes, political, economic, and other factors. The model
for choosing rational diversification strategies of construction companies based on
an expert assessment of construction's technical and economic parameters is
described, which considers the most significant indicators and the advantages of
participants in the construction process. These advantages and the features of
diversification strategies are included in the indicators of the diversification center,
which should be created in the construction company. The method of evaluating
diversification strategies of construction companies has been improved, which is
distinguished by considering changes in the structure of companies' organizational
environments and allowing them to increase their management efficiency. This
method is based on expert assessment and considers the opinions of all participants
in the construction process: owners, developers, investors, general contractors, and
designers. The method described for evaluating the diversification strategies of
construction companies was verified using the example of a construction company
in the People's Republic of China.

The fourth chapter describes an improved information technology for
evaluating and choosing diversification strategies of construction companies under
conditions of uncertainty, which is distinguished by considering the technical and
economic parameters of construction and the advantages of participants in the
construction process and allows expansion management capabilities and rationalize
the choice of diversification strategies of construction companies.

The practical significance of the obtained results is that the developed
methods, models and information technology for the formation, evaluation, and

selection of diversification strategies of construction enterprises are an essential
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step in developing a theoretical and practical basis for ensuring sustainability and
profitability of construction companies. The resulting tool is practically important
for construction companies, holdings, and the construction industry. In the long
term, using the developed methods and models will positively impact the
development of the state's building industry. The main provisions and results of the
research were implemented and applied in the activities of Yancheng Polytechnic
College.

The obtained results, theoretically and practically, serve as a basis for further
scientific and applied research aimed at improving various aspects of the
management of construction companies. Ensuring the sustainability of the
development of construction companies and the organization of their
diversification activities are the key signs of the sustainability of the development
of the country's construction industry.

Keywords: project management, information technology, construction
enterprise, project management, mathematical model, diversification, decision-
making, assessment task, choice task, information management, project-oriented

company, business process.
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AHOTAIIS

Jli IOanbwanb. IHpopMamiiiHa TeXHOJIOTisE OLIHIOBAHHSI CTPATerid
auBepcudikanii OyaiBeJbHMX NIANPUEMCTB B YMOBAaX HEBU3HAYEHOCTI —
Keanigixayitina nayxosa npays na npasax pykonucy.

Hucepraiiss Ha 3100yTTS HAayKOBOTO CTymeHs HoKTopa ¢inocodii 3a
cnemianbHicTIO 126  «lHpOpMariitHi cuctemMu Ta TexHouori» — KwuiBcekuii
HaIllOHAIBHUI yHiIBepcuteT iMeHi Tapaca [lleBuenka, Kuis, 2024.

3micT aHoramii. J[ucepraiiis npucBsiueHa moOyI0BI METOJIB, MOJEJEH Ta
iH(pOopMaLiiHOT TEXHONOTII A7 (POpMyBaHHS, OIIHIOBAHHS Ta BUOOPY CTpaTerii
nuBepcudikaiii  OymiBeJbHUX  MIANPUEMTCB B  YMOBaxX HEBM3HAYCHOCTI.
[ToOynoBaHi MeToaw Ta MOJEIl MOXYTh OyTH BHKOPUCTaHI JUIsi BUPIMICHHS
aKTyaJIbHOTO  HAayKOBO-IIPAKTUYHOTO 3aBJaHHS MIJBUIIEHHS e€()EKTUBHOCTI
yOpaBIiHHA Ta NOpUOYTKOBOCTI  OyIiBEIBHUX  MIAIPUEMCTB B  yMOBax
HEJIOCTATHOCTI 1H(dOpMalii il Ji€l0 BIUIMBY TEXHOJOTTYHUX, EKOHOMIUYHMX,
MOJITUYHUX, COIJIaJbHUX Ta 1HIIMX 30BHIMIHIX (haKTOPIB, MEepea0adYuTH HACIIIKU

BIIIMBY SIKMX HEMOXKJIUBO.
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OmHuM 3 METO/IB, Kl JI03BOJISIIOTH BUPILIUTH 110 33/1a4y € JTUBepcudikariis
TiSTBHOCT! OyAIBEIbHUX MIAMPUEMCTB. AKTYaJbHICTh 3adaul AuBepcudikaii As
OyIiBENbHUX MIANPUEMCTB 0a3ye€ThCs Ha KUJTBKOX KIIOYOBUX YMHHHUKaX. [leprmm
YUHHUKOM € 3aTpeOyBaHICTh PO3BUTKY OyAiBENBHOI rajgy3i B yMOBaxX IIBHAKOTO
€KOHOMIYHOTO 3pOCTaHHs y KpaiHaX, Kl MalOTh CHPUSATIMBI AJI1 IOTO YMOBH.
[IIBuaKke eKOHOMIYHE 3POCTaHHS MPOSBIseThCA y 30uIbiIeHH] BBII kpainwu,
MOKpAIIEHH] JKUTTEBOTO DIBHS HACEJCHHs, 30UIbIICHHI 3alHATOCTi, PO3BUTKY
1H(}pacTpyKTypH, 30UIbIIEHH] O0CATIB TOPTIBJII Ta 1HO3EMHUX 1HBECTHUIIIA TOMIO.
Kuraiicbka HapogHa pecrmyOiika BigoMa CBOIM BpaKalOUUM EKOHOMIYHUM
3pOCTAaHHSIM y MPOTATOM OCTaHHIX AeCATHIITh. Lle mocsirHeHHs Oylno MOKIUBUM
3aBASKHA MIBUAKOMY TEMITY 1HJIyCTpiali3allii, €eKCIOPTHO-OPIEHTOBAHOMY MiIXOIY
JI0 €KOHOMIKHM Ta IIMUPOKOMY BIIPOBAKEHHIO pedopm. JluBepcudikaris moxe
JIOTIOMOTTH TIANPUEMCTBAM BHUKOPHCTOBYBAaTH CBOI PECYpCH, TakKi SIK JIHOACHKI
pecypcu, OOJagHAHHSA Ta TEXHOJOTIi, OIbII €(PEKTUBHO, PO3MIMPIOIOYN IX
3aCTOCYBaHHS Ha PI3HUX PUHKaX a0o B pi3HMX ramy3sx. JuBepcudikaiiiss Moxe
natv Oy/AiBeJIbHOMY HIANPUEMCTBY KOHKYPEHTHY IepeBary, 3a0e3nedyroun Homy
OUThINI THYYKHA Ta aJanTHUBHUN Ol3HEC-MiAXiJ, IO JO3BOJUTH PO3IIHUPUTH
ACOPTHMEHT IOCIYT JJIsl 33/I0BOJICHHS TOTped pisHUX KimieHTiB. [Ipote OyniBenbHa
rajiy3b BiJIoMa CBO€IO BUCOKOIO BPA3JIMUBICTIO 10 EKOHOMIUYHUX KOJINBAHb Ta 3MiH Y
CUTYyallli Ha PUHKY, 3MiH B €KOHOMIYHI CHUTYyaIlii, TOTITHYHUX TYpOYJIEHTHOCTSIX
Ta KOH(DIIKTAaX.

CaMe TOMy B IIMX yYMOBax BUHHUKA€ psJ HEBUPILIEHUX IUTaHb, a caMe:
HEMae€ J0CTaTHIX OOrPYHTOBAHUX JOCTIIKEHb 1100 BpaxyBaHHS B OpraHi3aliiHii
CTPYKTYpl KOMITaHii OKpeMOro AuBepCcU]IKAIIHHOTO MEHTPY, MISUIBHICTH SIKOTO
cnpsiMOBaHa Ha (OpMYBaHHS, OILIIHIOBAaHHS Ta BHOOpY cTparteriii auBepcudikarii
komnaHii. TakoX y BHMNAJKy TOPU3OHTAJIBHOI IHTErpauli He 3’sCOBAHO BILIUB
BUOOpPY TEXHOJOriM OyAiBHUIITBA Ta BHUOIp 3HAYEHb TEXHIKO-€KOHOMIUHHMX
napaMeTpiB OymiBHHMIITBA Ha BHOIp cTparerii auBepcudikaiii OyaiBEIbHOTO

nianpueMcTBa. Hemae noctaTHRO HaIIMHMX METOMIB OLIHIOBAaHHS Ta BHOOPY
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cTpareriii nuBepcudikaiii, siki O J1aBajid MOMXJIHMBICTh IMIJIBUIIUTA MPUOYTKOBICTh
Oy/lIBEIbHUX KOMITaHIH.

CTBOpeHHsI METO/AIB Ta Mojenel (QopMyBaHHs, OIIHIOBAHHS Ta BHOODPY
cTpareriii auBepcudikaiii OyaiBeTbHUX MIAMPUEMTB JO3BOJUTH MPAKTUIHO
M1JBULIUTH TPOTYKTUBHICTh Ta MPUOYTKOBICTh OyA1BEIBHUX MIANPUEMTB, & TAKOK
pO3IIUpsiE TEOPETUYUHI Ta TPAKTUYHI HAIIPAIIOBAHHS B JAHOMY HAIPSIMKY.

Otxe, B AaHiil AucepTaliiHii poOOTI BUPIIIYETHCS Ba)JIMBE 3aBJAHHS, a
came: po3poOJIeHHS MOJeNei, MeToiB Ta 1HGOpMAIIiiTHOT TEXHOJOTIi AJ1s1 BUOOpPY
palioHaNbHUX  cTparterii  auBepcudikaiii  OyIIBEJIbHUX  KOMMAaHIH, WIO0
BIJIDI3HSIETHCSI BpPaxyBaHHSIM 3MIH Yy CTPYKTypl OpraHi3aliiHUX CEpeIOBHIIL
KOMIIaHi# 1 OPraHivuHO MO€EHYE B COO1 BECh CIEKTP AIsUIBHOCTI KOMITaHIM B yMOBax
HEBHU3HAYECHOCTI (HayKOBa CKJIaJ0Ba). TakoK BHUPILNIYETHCS 3a/ladya aBTOMaTU3allll
OIIIHIOBaHHS Ta BUOOPY cTparteriii auBepcudikaiiii. Po3pobiieHi meTonu tTa Mmojaeni
IHTErpyIOThCS Y BIJIMOBIIHIN 1HQOpPMAITIHHIM TEXHOJIOT] (MMPaKTHYHA CKIIAJI0BA).

O0’exTOM [JOCJTIMKEHHSI € TIPOILIECH, SIKI TOB’s3aHl 3 OI[IHIOBAHHSIM Ta
OPUMHATTS pilleHb 1010 BHUOOpPY cTpaTerii auBepcudikailiii  OyiBEIbHUX
KOMIIaHiil B yMOBaX HEBU3HAUEHOCTI.

IIpeaMeTom JOCiIZKEHHSA € METOIH, MOJIEN1 Ta IHPOpPMaLIfHA TEXHOJIOT1s
YOPaBIIHHSA JISUIBHICTIO OyJIBENbHUX KOMIAHIA B 4YacTHHI (QOpMyBaHHS,
OI[IHIOBaHHS Ta BHOOpPY pAaLllOHATBHUX CTpaTerii auBepcudikaniii B yMOBax
HEBU3HAYECHOCTI.

Metoau nociaigxenns. IlpoBeneni gociimxeHHs 0a3ylOThCS HA METOAax
MpECTaBICHHS 1 00pOOKH 3HAHb, METOJAaX OLIHIOBAHHS, MOHITOPUHTY AiSTILHOCTI
OyIiBEeNbHUX KOMIMAaHIT Ta iX OpraHi3alliiHUX CTPYKTYp, 00'€KTHO-OPI€EHTOBAHOTO
porpaMmyBaHH, YIPaBIiHHS TPOEKTAMHU.

MeTor aocaiizkeHHs1 € po3poOJIeHHSI METOIIB, Mojieiel Ta iHhopMaIliitHO1
TEXHOJIOTI] OILIIHIOBaHHSI Ta BHOOpPY CTpaTeriii auBepcudikaiiii OyaiBeTbHUX
KOMITaH1# JIJIs1 yIPaBIiHHA iX AISUIBHICTIO B YMOBaX HEBU3HAUEHOCTI.

HaykoBa HOBH3HA OTPMMAaHUX pPe3yJIbTATIB:
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e  BIEpIIE ONUCAHO MOJEIb BHOOpPY palllOHaIbHUX CTpaTerii
nuBepcudikaii OyaiBeTbHUX KOMIIaHIM HAa OCHOBI E€KCIIEPTHOTO OIIHIOBAHHS
TEXHIKO-€KOHOMIUHUX TapaMeTpiB OyIIBHHIITBA, SKHA BpPaxOBYE HAWOLIBII
3HA4YMM1 TOKA3HUKU 1 JI03BOJISIE BpaxyBaTH MEpeBard y4aCHUKIB OY1BEILHOIO
poLEeCy.

®  YJOCKOHAQJIEHO METOJl OI[IHIOBaHHS CTparerii  auBepcudikaiii
OyIiBENbHUX KOMIIAHIM, IO BIAPI3HAETHCA BpPAaXyBaHHAM 3MiH Yy CTPYKTYpi
OpraHizaliifHuX CepeloBUI KOMIIaH1i, 10 XapaKTepHO AJI1 YMOB HEBU3HAUYEHOCTI
1 J03BOJISI€ TIIBUIIUTH €()EKTUBHICTH YIIPaBIIHHSI HUMHU.

®  YJOCKOHAJIEHO METOJ] (OpMyBaHHS CTpaTerid AuBepcUdiKailii, 110
BpaxoBye aHaii3 iHpOpMAaIii Ipo TiSIBHICTh OyAiBEIPHUX KOMIIAHIA Ha OCHOBI
IHKUHIPUHTY Ta KOHIICMINI BIJKPUTUX JDKEpEN, SIKHUM BUKOPUCTOBYETHCS IS
CTBOPEHHSI TEPENKy aJlbTEpPHATMB B 3a/Jadl BUOOPY pallOHAJIbHUX CTpATErii
nuBepcu(dIKalli KOMIIaHIi 1 TO3BOJISE PO3IIMPUTH MOKIMBOCTI YIIPABIIHHSA HUMH;

®  yJOCKOHAJIEHO 1H(OpPMAIIHHY TEXHOJOTiI0 OI[IHIOBaHHS Ta BHOOPY
cTpareriii quBepcudikailii OyaiBeIbHIX KOMIAaHI B yMOBaX HEBU3HAUEHOCTI, IO
BIJIDI3HSIETHCSI BPAXyBaHHSAM TEXHIKO-€KOHOMIYHHMX NapameTpiB OyAiBHULTBA Ta
nepeBar Y4aCcHUKIB OyiBEIBHOTO MPOIECY 1 JO3BOJISIE POMIUPUTH MOXKIMBOCTI
yIOpaBIiHHSA Ta pallioHai3yBaTH BUOIp cTpareriii nueepcudikaiii OyaiBeTbHUX
KOMITaHIH.

e  OTpUMAIO MOJAIBUIMI PO3BUTOK KOHLENTYyaJbHE IPEACTABICHHS
CTPYKTYpHOI MOJEJi OpraHi3allifHOTO cepenoBHUINa OyaiBelIbHUX KOMIAHIH, IO
BpaxoBye auBepcH]iKaiiio iX MISUTBHOCTI 1 BIAPI3HAETHCS THM, L0 OPTaHIYHO
MO€IHYE B €001 BECh CHEKTP MJISTIBHOCTI MPOEKTHO-OPIEHTOBAHUX KOMIIaHIM B
yMOBaX HEBU3HAYEHOCTI.

Y nepumiomy po3aiji omucaHo ocoOIMBOCTI auBepcudikalii TisIIBHOCTI
OyIiBENbHUX MIIIMPUEMCTB, OCHOBHI MOHATTS, BUIAU AUBEPCU(IKAIIT Ta MOXKIUBUN
edeKT Bl MpoBeJeHHs AuBepcudikaiii AisuibHOCTI. OOTrpyHTOBAHO aKTYaJIbHICTh
pPO3BUTKY Oy/IiBENIbHOI Tady3l Ta TMpOBeAeHHS auBepcudikamii AiSIIBHOCTI

OyaiBenbHUX  KommnaHid.  OxapakTepU30BaHO  MOXJIMBI ~ HACHIAKK  MICHS
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poOBeJIeHHs auBepcudikaiii OyIBEIbHUX MiJANPUCMCTB, 30KpeMa B YMOBax
HEBU3HAYEHOCTI 1 PHU3UKY: €(EeKTUBHIIIE BUKOPHCTAHHS IIOJICBKUX PECYpPCIB,
oOnajHaHHS Ta TEXHOJIOTIHM, 3HW)KEHHS PU3UKIB, 1HTEHCHU}IKAIlisl MOCTBOEHHOI
BimOyZ0BH (30KpeMa B YKpaiHi), 3pOCTaHHS PIBHS PO3BHUTKY 1H(PACTPYKTypH,
MaHy(haKTypHOTO Ta JKUTIOBOrO OYIBHMIITBA Taiy3l B KpaiHaxX 31 MIBUAKUAM
E€KOHOMIYHHMM 3pOCTaHHSIM (30kpeMa B Kurtaiicbkiit HapoH1i pectyOumiln).

Onucano BioMI METOAU OaraTOKpUTEPIaIbHOTO MPUMHATTS PIIIeHb, SAKI
MOJYUTh OyTH 3aCTOCOBaHI B yMoBaxX (POpPMyBaHHS Ta OIIIHIOBAHHS CTpAaTerii
NPUMHATTSA PIIeHb 00 JuBEpCcU(iKallii iSTbHOCTI OYAIBEIBHOTO MiIPUEMCTBA.
Bxkazano, mo ockinbku cTpaterii AuBepcudikaiii MOXyTb MaTH 3Ha4HE YHCIIO
KpUTEPIiB OIlIHIOBAHHS Ye€pe3 HAasABHICTh 0ararbox CTEHKXOJIAEpiB, (HIHAHCOBHX
noTped, pI3HOMAHITHOCTI Ta HEOOHOPIAHOCTI raiy3i, TO 3aCTOCYBaHHS HOBHX abo0
MoaudiKkallis BIAOMHUX METOJIB 0araTOpUTEepiaibHOrO MPUUHATTS PIIIEHb MOXKE
JOTIOMOTITH  BUPIIIMTH  3a7ady OI[IHIOBaHHS  CTparerii  auBepcudikarii
OyniBenbHUX  MiANpueMcTB.  OCKUIBKM  3ajada  OI[IHIOBaHHS  CTpaTerii
nuBepcudikaiii OyIiBeNIbHUX MIANPUEMTB € CKIATHOK 1 Mae Oarato (hakTopiB
BIUIMBY, TO JUISl IIHOTO aKTYaJIbHUM € pO3pOOJIeHHS 1HPOpMAITHOT TEXHOIOT11, sIKa
O CyTTEBO CIPOCTHIO pOOOTY 0co0l, fika MpUHAMAae pIlIEHHA, a00 KEpIBHOMY
CKJIaty Oy/liBeIbHOT KOMITaHii.

B napyromy po3aijii BCTaHOBJIEHO, IO B yMOBaX HEBU3HAYEHOCTI, B SIKUX
GyHKIIOHYIOTh  OyJiBENIbHI KOMIMaHii, MOTPIOHO 3MIHUTH YABJICHHS IPO
opraHizaiiiiHe cepejoBuille OyAiBeIbHOI KOMMaHIi, SIK€ CKJIAJa€ThbCs 3
BHYTPILIHBOT'O, 30BHIIIHBOIO CEPEJOBUIIA Ta CepeoBUIla 3aBAaHb. L1 ckimamoBi
OJIHOT'O OPraHi3alifHOrO cepeoBHINa OyJIM OMKUCaHI 3 BApXyBaHHSIM HEOOX1THOCTI
BKJIIOUEHHSI OKPEMOi CKJIaJI0OBOi, IO BIAMOBIAAE IUBEpPCUDIKALINHUM 3a7a4yaM.
TakuM YMHOM B peE3yJbTaTi JOCHIPKEHHS OTPUMAJIO TMOJAIBIINN PO3BUTOK
KOHLENTyaJIbHE  MPEJCTaBIEHHS  CTPYKTYpHOI ~ MOJENI  OpraHi3auiiiHOTO
cepeoBHIA OYIIBEIbHUX KOMITaHI|, [0 BPaXOBY€E NUBEPCUPIKALIIO X I1SUIBHOCTI
1 BIAPI3HIETBCSA THM, IO OPraHIYHO IMOEIHYE B COO1 BECh CIEKTP MiSIILHOCTI

KOMIIaH1 B yMOBax HEBU3HAUYEHOCTI.
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Onucano ¢opmanbHe TMPEACTaBICHHS TEXHOJIOTIi OyAiBHHIITBA Ta 3ajadyl
BUOOpY TexHoJorii OymiBHUIITBA. Bka3zaHo, 1m0 BUOIp TEXHOJIOTII OyMiBHUIITBA B
KOMILJIEKC1 3 aHaJI130M KOHKYPEHTHOTO PUHKY Ta aHATI30M TEXHIKO-€KOHOMIYHHMX
BUMOT I 3amadi guBepcudikaiii Ja€ MOXJIMBICTb TPYHTOBHO MIiIHTH 110
dbopmyBaHHs cTparerii  auBepcudikamii OymiBenbHO Kommadii. OmnmcaHa
KOHIIeMIisE (opMyBaHHSI cTpareriii nuBepcudikaiii OyIiIBENbHUX KOMIAHIA 3
BpPaxyBaHHSIM MPUHLMNIIB 1HXUHIPUHTY, 10 BPAXOBY€E IIICTh OCHOBHUX €TaIlB BiJl
dbopMyBaHHS BUMOT J0 AUBEpCU(IKAIINHOI MISIIBHOCTI J0 OIIHKKA PE3yJIbTaTiB
BIIPOBA/DKEHHSI cTparerii AuBepcudikamii B OyIIBEJIbHUX NPOEKT. OmHcaHo
nepenik mepeBar Big (GopMmyBaHHS cTpaTerii amBepcu@ikaiii Ha HOBHX
MPUHIINAIAX: HASBHICTh MOXIJIMBOCTI BigoOpa)kaTh CKJIaJHI JauBepcudikaiiiiai
OpolecH Ta TMPOUECH YOpaBIiHHSA OyIIBEIbHUMHU KOMIIAHISIMM B YMOBax
HEBU3HAYEHOCTI 3 BpaxyBaHHSM IHXKUHIPUHTY; MOXJIMBICTh CTBOPIOBATH,
OIIHIOBATH Ta BIPOBAPKYBATH CTparerii nuBepcudikailii Ta BUKOPHUCTOBYBATH
HAyKOBO-OOTPYHTOBAaHWN BHOIp ONTHUMaIbHUX CTpaTerii auBepcudikarii, sKi
COpsIMOBaHI Ha IMIJBUIICHHS NTPUOYTKIB OY/IBENbHOI KOMMaHIii, MiJBUIIECHHS
JOCTOBIPHOCTI aHamizy AuBepcU(DIKAIIfHUX JaHUX Ta KOHKYPEHTHOTO PHHKY,
BUKOPHCTOBYIOYHM KOHIIETIIIFO BIAKPUTHX JAHUX TOIIIO.

B Tperbomy po3aini onucaHo 3araibHa 3ajladya OaraToOKpUTEpiaIbHOTO
uBOOpy crparerii amBepcudikaiii OyAiBeTbHMX KOMIAHIN, sKa MOXe
BUKOPHCTOBYBAaTUCh B yMOBaX HEBHU3HAYEHOCTI, KOJM Ha MJiSUIbHICTH KOMMaHIil
3MIMCHIOE BIUIMB 30BHIIIHE CEPEOBUILE: TEXHOJOTIYHI 3MIHM, TIOJITHYHI,
eKOHOMIYHI Ta iHmI (gakTtopu. OmrcaHo MoJenb BUOOPY paIliOHATBHUX CTpaTerii
nuBepcudikaiii OyaiBeIbHUX KOMIIAHIM Ha OCHOBI EKCIIEPTHOTO OIIHIOBAHHS
TEXHIKO-€KOHOMIUHUX TapaMeTpiB OyIIBHHIITBA, SKHA BpPaxOBYE HAWOLIBII
3Ha4YMMi TOKAa3HUKHU 1 JO3BOJISIE BpaxyBaTH TEpeBard Y4YacHUKIB OY/IBEIIBHOTO
npouecy. Ili mepeBarm, a TakoX OCOOJMBOCTI CTpaTerii auBepcudiKalii
3aKJIaJJAlOThCSl B TIOKa3HUKUA IEHTPOM IuBepcudikaiii, o Mae OyTH CTBOPEHO B
OyaiBeNbHIM  KOMIaHii.  YJOCKOHaJleHO METOJ  OI[IHIOBaHHS  CTpaTerii

nuBepcu(ikaili OyaiBeJbHUX KOMMAHIM, 10 BIAPIZHAETHCS BPaxyBaHHSIM 3MIH Y
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CTPYKTYpl OpraHi3aliiHMX CEpeOBUIIl KOMIMAHIA 1 JO3BOJISE ITABUIIUATH
e(eKTUBHICTh yIpaBliHHA HuMHU. llell MeToj 3acHOBaHMI Ha EKCIEPTHOMY
OIIHIOBaHHI Ta Mepeadadae BpaxyBaHHS JYMOK BCIX Y4YaCHHKIB Oy/iBEITBbHOTO
IpolLecy:  BJIAacCHUKIB, 3a0yJOBHUKIB,  1HBECTOpIB, TEHIIAPSIJAHHUKIB  Ta
TEeHIIPOEKTYBAJIbHUKIB. BepudikoBaHo omucaHuil METOJl OI[IHIOBaHHS CTpaTerii
nuBepcudikaiii OyniBeJbHUX KOMIAHIM Ha NPHUKIaAl IisUIBHOCTI OYJiBENIbHOI
koMIiadii y Kuraiicbkiii HapoiHiid pecmyOJIiii.

Y deTrBepTOMY PO3iJii ONMKMCAHO YAOCKOHAJIEHY 1H()OpPMAIIHHY TEXHOJIOTIIO
OIIIHIOBAaHHS Ta BUOOpYy cTpaTerii nuBepcudikaiii OymiBeNIbHUX KOMIaHIN B
yMOBaxX HEBU3HAYEHOCTI, IO BIAPIZHAETHCS BpPAaXyBaHHSAM TEXHIKO-€KOHOMIYHHMX
napameTpiB OyIBHUIITBA Ta MepeBar y4acHUKIB Oy11BEIBLHOTO MPOILIECY 1 103BOJISE
PO3MIMPUTH MOKJIMBOCTI YIPaBIIHHSI Ta pallioHaji3yBaTH BUOIp CTpaTerii
nuBepcudikaiii Oy1iBeJIbHUX KOMITaHiH.

IIpakTuyHe 3HAYeHHS OJEP:KAHUX Pe3yJbTATIiB TOJArac y TOMY, IO
po3pobneHni mMeroau, Mojeni Ta iH(opmamiiiHa TexHoNOTiA  (GopMyBaHHS,
OIIIHIOBaHHS Ta BUOOPY cTpaTerii auBepcudikailii OyIIBEJIbHUX MiINPUEMCTB €
BAXUJIMBUM KPOKOM Yy PO3BUTKY TEOPETHYHOI Ta MPAKTUYHOI Oazm s
3a0e3MeYeHHs] CTANIOCTI Ta MPUOYTKOBOCTI OyiBenpHUX KommaHiil. OTpumanuii
IHCTPYMEHT € BaXKJIMBUM MPAKTUYHO I OyAiBEIbHUX KOMIIAHIN, XOJIUHTIB, a
TakoX Uil OyaiBeldbHOI Trainy3l B LUIOMY. B joBrorpuBamiii nepcrneKTUBI
BUKOPUCTAaHHS PO3pOOJECHUX METOJIIB Ta MOJIEJEH AacTh MO3WTUBHHUM BIUIMB Ha
PO3BUTOK IOY/IIBEJIBHOI raiy3i JepxaBu B HuUioMy. OCHOBHI pe3yjbTaTH POOOTH
BIIPOBAHKEHO B AisTbHOCTI Yancheng Polytecnic College.

OtpumaHi pe3ynbTaTH, SIK Y TEOPETUYHOMY, TaK 1 MPaKTUYHOMY ILJIaHi,
CIy’)XaThb ~OCHOBOIO [UJISl TMOMAAJBIINX  HAYKOBO-TIPHUKJIAIHUX  JOCIIIKEHb,
CIPSIMOBAaHUX HA YJOCKOHAJCHHS Ta MOKPAIEHHS PI3HUX ACIMEKTIB YIPaBIiHHSA
OyAiBeTbHUMH KOMIIAHISIMU. 3a0e3MeYeHHs CTaJIOCTI PO3BUTKY OyAiBEIbHHX
KOMITaHii, opraHizaris ix auBepcu]iKamiifHOl TISITLHOCTI € B OCHOBI KIIFOUOBHX

03HaK CTaJIOCT1 PO3BUTKY OyAiBEIbHOI ragy3i KpaiHu.
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INTRODUCTION

The relevance of the task of diversification for construction enterprises is
based on several key factors. The first factor is the demand for developing the
construction industry in conditions of rapid economic growth in countries with
favorable conditions. Rapid economic growth is manifested in an increase in the
country's GDP, an improvement in the population's standard of living, an increase
in employment, the development of infrastructure, an increase in the volume of
trade and foreign investment, etc. The People's Republic of China is known for its
impressive economic growth over the past decades. This achievement was possible
due to the rapid pace of industrialization, an export-oriented approach to the
economy, and the comprehensive implementation of reforms. Diversification can
help businesses use their resources, such as human resources, equipment, and
technology, more efficiently by expanding their applications in different markets or
industries. Diversification can give a construction company a competitive
advantage, providing it with a more flexible and adaptive business approach that
will expand the range of services to meet the needs of different customers.
However, the construction industry is known for its high vulnerability to economic
fluctuations and changes in the market situation, economic situation, political
turbulence, and conflicts.

That is why, in these conditions, several unresolved issues arise. More
studies need to be conducted regarding including a separate diversification center
in the company's organizational structure, whose activities aim to form, evaluate,
and choose the company's diversification strategies. Also, in the case of horizontal
integration, the influence of the choice of construction technologies and the choice
of the values of the technical and economic parameters of construction on the
choice of the diversification strategy of the construction enterprise has yet to be
clarified. There needs to be sufficiently reliable methods of evaluating and
selecting diversification strategies that would provide an opportunity to increase

the profitability of construction companies.
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Creating methods and models for forming, evaluating, and selecting
diversification strategies for construction enterprises will increase their
productivity and profitability and expand theoretical and practical developments in
this direction.

Therefore, this dissertation solves an important task, namely, the
development of models, methods and information technology for choosing rational
strategies for the diversification of construction companies, which is characterized
by taking into account changes in the structure of organizational environments of
companies and organically combines the entire range of activities of companies in
conditions of uncertainty (scientific component). Automating the evaluation and
selection of diversification strategies is also solved. The developed methods and
models are integrated into the relevant information technology (practical
component).

The dissertation work was carried out at the Faculty of Information
Technologies of Taras Shevchenko National University of Kyiv following the plan
of research works of Taras Shevchenko National University of Kyiv, in particular
the topic "Information technologies of analysis and forecasting of processes,
invariant to the subject area", No. 0123U101621.

The object of the study is the processes related to the evaluation and
decision-making regarding the choice of diversification strategies for construction
companies in uncertain conditions.

The subject of the research is the methods, models and information
technology of managing the activities of construction companies in terms of
forming, evaluating and choosing rational diversification strategies in conditions of
uncertainty.

Research methods. The research is based on knowledge presentation and
processing methods, evaluation methods, monitoring of construction companies
and their organizational structures, object-oriented programming, project

management.
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The study aims to develop methods, models, and information technology
for evaluating and choosing diversification strategies for construction companies to
manage their activities in uncertain conditions.

To achieve the goal, the following tasks must be solved:

1. To analyze the peculiarities of the diversification of the activities of
construction enterprises and the relevance of the implementation and evaluation of
diversification strategies in conditions of uncertainty.

2. To build a structural model of the organizational environment of
construction companies that considers diversification.

3. To describe the concept of forming diversification strategies for
construction companies, considering engineering principles.

4. Describe the general task of the multi-criteria selection of diversification
strategies for construction companies, which can be used in uncertain conditions.
To build a method of evaluating diversification strategies and a model for choosing
rational diversification strategies of construction companies.

5. Descriptors of improved information technology for evaluating and
choosing diversification strategies of construction companies in conditions of
uncertainty, which would affect the technical and economic parameters of
construction and the benefits of participants in the construction process.

The scientific novelty of the obtained results:

- for the first time, a model for choosing rational diversification strategies of
construction companies is described based on an expert assessment of the
technical and economic parameters of construction, which takes into account
the most significant indicators and allows taking into account the advantages
of participants in the construction process;

- the method of evaluating diversification strategies of construction companies
has been improved, which is distinguished by taking into account changes in

the structure of organizational environments of companies, which is
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characteristic of conditions of uncertainty and allows to increase the

efficiency of their management;

- the method of forming diversification strategies has been improved, which
takes into account the analysis of information about the activities of
construction companies based on engineering and the concept of open
sources, which is used to create a list of alternatives in the task of choosing
rational strategies for the diversification of companies and allows expanding
their management capabilities;

- improved information technology for evaluating and choosing
diversification strategies of construction companies in conditions of
uncertainty, which is distinguished by considering the technical and
economic parameters of construction and the advantages of participants in
the construction process and allows expanding management capabilities and
rationalizing the choice of diversification strategies of construction
companies;

- received further development of the conceptual presentation of the structural
model of the organizational environment of construction companies, which
considers the diversification of their activities and is distinguished by the
fact that it organically combines the entire range of activities of project-
oriented companies in conditions of uncertainty.

The first chapter describes the peculiarities of the diversification of
construction enterprises, the main concepts, types of diversification, and the
possible effects of the diversification of activities. The relevance of the
development of the construction industry and the diversification of the activities of
construction companies are substantiated. The possible consequences after the
diversification of the construction industry are characterized, in particular, by
conditions of uncertainty and risk: more effective use of human resources,
equipment and technologies, risk reduction, intensification of post-war

reconstruction (in particular in Ukraine), an increase in the level of development of
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infrastructure, manufacturing and housing construction in countries with rapid
economic growth (especially in the People's Republic of China). The well-known
methods of multi-criteria decision-making are also described, which motivate the
application of decision-making strategies regarding the diversification of the
activities of the construction enterprise in the conditions of formation and
evaluation. It is indicated that since diversification strategies can have a significant
number of evaluation criteria due to the presence of many stakeholders, financial
needs, diversity and heterogeneity of the industry, the application of new or
modification of known methods of multi-criteria decision-making can help solve
the task of evaluating diversification strategies of construction enterprises. Since
assessing the diversification strategies of construction companies is complex and
has many influencing factors, it is essential to develop information technology that
would significantly simplify the work of the construction company's decision-
maker or management team.

In the second chapter, it is established that in the uncertain conditions in
which construction companies operate, it is necessary to change the perception of
the organizational environment of the construction company, which consists of the
internal and external environment and task environment. These components of the
same organizational environment were described with the caveat of the need to
include a separate component corresponding to diversification tasks. Thus, because
of the study, the conceptual presentation of the structural model of the
organizational environment of construction companies, which takes into account
the diversification of their activities and is distinguished by the fact that it
organically combines the entire range of activities of companies in conditions of
uncertainty, received further development.

A formal presentation of construction technology and the task of choosing a
construction technology is described. The choice of construction technology, in
combination with the analysis of the competitive market and the analysis of

technical and economic requirements for the task of diversification, makes it
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possible to thoroughly approach the formation of diversification strategies for the
construction company. The concept of the formation of diversification strategies of
construction companies is described, considering the principles of engineering,
which takes into account six main stages from the formation of requirements for
diversification activities to the evaluation of the results of implementing the
diversification strategy in construction projects. A list of advantages from the
formation of diversification strategies based on new principles is described: the
ability to reflect complex diversification processes and management processes of
construction companies in conditions of uncertainty, taking into account
engineering; the ability to create, evaluate and implement diversification strategies
and use a scientifically based selection of optimal diversification strategies that are
aimed at increasing the profits of the construction company, increasing the
credibility of the analysis of diversification data and the competitive market, using
the concept of open data, etc.

The third chapter describes the general task of the multi-criteria selection of
diversification strategies for construction companies, which can be used in
conditions of uncertainty when the external environment influences the company's
activities: technological changes, political, economic, and other factors. The model
for choosing rational diversification strategies of construction companies based on
an expert assessment of construction's technical and economic parameters is
described, which considers the most significant indicators and the advantages of
participants in the construction process. These advantages and the features of
diversification strategies are included in the indicators of the diversification center,
which should be created in the construction company. The method of evaluating
diversification strategies of construction companies has been improved, which is
distinguished by considering changes in the structure of companies' organizational
environments and allowing them to increase their management efficiency. This
method is based on expert assessment and considers the opinions of all participants

in the construction process: owners, developers, investors, general contractors and
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designers. The method described for evaluating the diversification strategies of
construction companies was verified using the example of a construction company
in the People's Republic of China.

The fourth chapter describes an improved information technology for
evaluating and choosing diversification strategies of construction companies under
conditions of uncertainty, which is distinguished by taking into account the
technical and economic parameters of construction and the advantages of
participants in the construction process and allows expansion management
capabilities and rationalize the choice of diversification strategies of construction
companies.

The practical significance of the obtained results is that the developed
methods, models and information technology for the formation, evaluation and
selection of diversification strategies of construction enterprises are an essential
step in developing a theoretical and practical basis for ensuring sustainability and
profitability of construction companies. The resulting tool is practically important
for construction companies, holdings, and the construction industry. In the long
term, the use of the developed methods and models will positively impact the
development of the country's construction industry. The main provisions and
results of the research were implemented and applied in the activities of Yancheng
Polytechnic College.

The obtained results, theoretically and practically, serve as a basis for further
scientific and applied research aimed at improving various aspects of the
management of construction companies. Ensuring the sustainability of the
development of construction companies and the organization of their
diversification activities are the key signs of the sustainability of the development
of the country's construction industry. The author published the work's primary
results in the following publications [1-11].

Personal contribution of the acquirer.
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The applicant personally received the main provisions and results of the
dissertation work. The work [1] describes the task of diversification as a
component of the adaptive management of construction companies. The work [2]
describes developed multi-criterion methods for selecting rational strategies for
diversifying building enterprises under uncertainty. The problem of choosing a
diversification strategy for a building enterprise in risk conditions is described in
[3]. The work [4] describes the method of evaluating formed diversification
strategies and models for choosing a rational strategy for a construction enterprise.
Work [5] describes the problem of choosing diversification strategies. Other works
[6-11] describe some components of the dissertation research, which were
presented at international conferences. The work [6] was published in the edition
indexed in the Scopus scientometric database.

Approval of the results of the dissertation. The main results of the work were
reported, discussed, and received a positive evaluation at international conferences
"Information technologies and interactions", Kyiv (2018, 2019), "Project
Management in the Development of Society", Kyiv (2019), "Information Modeling
Technologies, Systems and Complexes", Chernivtsi (2019), "Technology
Development Management", Kyiv (2020), IEEE conference "Smart Information
Systems and Technologies" (SIST-2021), Astana, Republic of Kazakhstan.

Publications. Based on the dissertation materials, 11 scientific works have
been published, including: 4 scientific articles in specialized publications of
Ukraine, 1 article in a publication that is not included in the list of the Ministry of
Education and Culture, 6 materials of international conferences, one of them in a
publication that is indexed by the Scopus database. The main results of the work
were obtained by the author personally. Some of the scientific works published in
co-authorship, the dissertation research describes those provisions resulting from
the author's work.

Structure and scope of work. The dissertation consists of an introduction,

four chapters, chapter conclusions, main conclusions, a list of references and

28



appendices. The total volume of the dissertation is 140 pages, including 12 figures,

6 tables, a bibliography of 95 titles and 2 appendices.
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CHAPTER 1. THE PROBLEM OF DIVERSIFICATION OF
ENTERPRISES UNDER UNCERTAINTY

1.1. Application of diversification approaches to increase the efficiency of
project-oriented construction enterprises

Scientific and technical development, increased competition between
manufacturers and a reduction in the life cycle of products are a consequence of
the variability of the vector of economic development. In order to accelerate
growth rates and activate scientific and technical progress in the field of production,
it is necessary to adapt the enterprises of the field to external conditions, which are
often uncertain. One of the approaches that allows an increase in the efficiency of
the enterprise in such conditions is the implementation of several measures to
manage its activities to adapt the enterprise to the variability of external conditions.
One of the most important measures in this direction is forming a rational strategy
for the company's activities. The theory of adaptive strategic management [1] can
answer how to form an effective strategy and evaluate its effect from
implementation. In fig. 1.1 depicts the general scheme of the enterprise's activity in

conditions of uncertainty and risk.
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Figure 1.1. — Scheme of operation of the enterprise under risk conditions

30



As we can see from Fig. 1.1. the efficiency of the enterprise is ensured by
the unity of the equipment capabilities, the efficiency of the personnel, the
opportunities to enter the market and the quality of the manufactured products. The
balance of this system is influenced by the external environment, particularly the
risks accompanying the activity a priori, especially in transitional economies. The
issue of ensuring the effective operation of the enterprise can be solved by forming
a rational activity strategy that correlates with the goals of the enterprise and is part
of adaptive strategic management in general. In economic instability, the impact of
risks is significantly intensified as uncertainty increases. Therefore, the creation of
an enterprise activity strategy is often associated with the creation of adequate
conditions for the diversification of this activity.

This paragraph examines the main concepts and principles of diversification
of enterprise activity as a component of adaptive management and analyzes the
latest research in this direction.

The diversification of the enterprise is one of the critical elements of the
effectiveness of its adaptive management. The introduction of diversification is
explained by the growth of the dynamics of the economy, the creation and
activation of new markets, permanent crisis phenomena in the economy, and
changes in the demand for products. Diversification of the company's activities and
adaptive management allows you to profit in new markets if there are losses in the
primary market.

Businesses that use diversification are competitive and more profitable than
other businesses. This is because diversified enterprises increase the names of
goods and services and penetrate new fields of activity.

Analyzing the diversification approaches of enterprises, we can conclude
that the construction of diversification strategies in each country (Ukraine, China,
EU countries) has some differences and peculiarities. This is due to legislation and
traditional business management approaches developed in each country separately.

In general, diversification is divided into two components: diversification of

activities and diversification of production. In general, these two components can
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be combined. In addition, we will consider a unique approach to diversification
since we are interested in diversifying construction enterprises. Diversification of
the activities of enterprises, in particular the construction industry, leads to the
growth of the company's profits in the long term and reduces risks.

However, the diversification of the enterprise is always associated with the
risk of uncertainty. The company has not worked in the new market, needs to learn
its features and cannot effectively calculate profits and losses. This problem is
eliminated by a comprehensive approach to diversification, considering adaptive
strategic management, which involves the analysis of possible markets for the
diversification of activities. In addition, to create effective diversification strategies,
it is necessary to forecast the company's activity based on its activity indicators
[12-17].

Also, strategic management of enterprise activities requires the application
of new concepts of project and program management [18-23].

Works [24-26] describe the features of enterprises' investment and
diversification activities.

In works [27, 28], four main strategies of enterprise development were
formed: market penetration (market penetration), development of new products
(new product development), market development (market development), and
diversification (diversification). Diversification is the most challenging strategy
because it requires new knowledge, skills, resources, tools and technologies from
the enterprise, allowing it to compete with other enterprises in a new market.

In work [29] it is indicated that the enterprise can choose diversification of
activities only when there are no other opportunities for growth. It is proposed to
carry out tests to determine the effectiveness of diversification of activities:

1. The chosen market should be attractive for the consumer.
2. The cost of diversification must be acceptable for the enterprise.
3. The new market should fuel the enterprise to obtain a competitive

advantage.
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So, diversification is a process of development of the company's activity,
which is associated with an increase in the range of types and penetration into new
areas of activity, development of new productions, and expansion of the range of
goods, which includes not only the diversification of product groups but also the
spread of entrepreneurial activity to new and related to the main activities of the
firm [30]. The diversification strategy represents the main direction of the
company's development based on internal demand and opportunities for this
development, taking into account the influence of external factors on this process
in order to achieve fundamentally new or adjusted goals within the limits of
legislative aspects and peculiarities of diversification activities in general. Creating
a strategy should be subordinated to the goals of adaptive strategic management of
the enterprise as a whole.

The main principles for creating enterprise strategies, in particular for
diversification, are:

1. The strategy should embody the general goals of the enterprise within
the goals of adaptive strategic management.

2. The strategy should offer several options for development, depending
on the circumstances, which makes it flexible and more adaptable to the adverse
influence of external factors.

3. The strategy should be open to periodic adjustments. This is because
some development options may be hidden in uncertain conditions due to
insufficient information. When reducing uncertainty, adjusting the already active
strategy is important to obtain a more significant economic effect.

4. The strategy should comprehensively reflect all the enterprise's
peculiarities and types of activity, particularly in terms of diversification.

In addition to the company's diversification strategy, financial, investment,
and marketing strategies are distinguished. Also, by the level of globality, it is
possible to distinguish a key strategy and local strategies that support the
development of the key in specific directions.

The process of creating a diversification strategy is complex and multi-level:
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Level 1. Outline of the global goal of the enterprise.

Level 2. A thorough study of the impact of the external environment on the
company's activities.

Level 3. Carrying out a SWOT analysis.

Level 4. Creation of a list of strategic goals of the enterprise, which are
connected by a common goal.

Level 5. Evaluation of strategic alternatives according to several criteria:
considering the influence of the external environment, effectiveness, and balance
with the company's capabilities and resource potential.

Level 6. Identify qualitative and quantitative KPI indicators of those
strategies selected for implementation. Formation of a roadmap for the
development of strategies.

Level 7. Monitoring the implementation of diversification strategies by the
road map. If necessary, adjust strategies to be consistent with the principles of
adaptive strategic management.

The formation of a diversification strategy, according to the assumption, is
the basis for increasing the efficiency of the enterprise, especially in the conditions
of a transitional economy. Economic efficiency means achieving planned results
by the enterprise for a certain period by consuming resources (material, human)
that do not exceed previously established levels. Thus, to achieve effective activity,
it 1s necessary to clearly follow the roadmap for developing the company's
strategies and KPI values. That is, the strategies of the enterprise must also be
effective, which means that they must be carried out within the framework of the
road map in a precise time, with the achievement of the appropriate levels of KPI
within the general principles of adaptive strategic management, which are
established at the enterprise and which is ultimately expressed in the corresponding
economic effect A . Economic efficiency is generally expressed by the ratio of the

economic effect to the expenditure of resources for its provision R :

E=—

. (1.1)
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where E — economic efficiency of the enterprise.

Let us consider the peculiarities of the diversification of construction
companies, which is relevant due to the significant development of the
construction industry in the last decade in Ukraine, China and the world. In general,
in order to create an effective system of adaptive strategic management of the
construction enterprise itself, in particular, in terms of diversification of activities,
the following tasks must be completed:

1. Analyze construction enterprises and their classification of the
application of diversification strategies.

2. Investigate construction enterprise diversification strategies, considering
risk and financial effects.

3. To propose more profitable strategies for the diversification of
construction enterprises.

The marketing strategy supports the diversification strategy in adaptive
management. This strategy is manifested in increasing the name and types of
goods and services, improving service, strengthening consumer demand and
attracting new consumers through advertising. For example, let a construction
company engage in residential construction. To increase the demand for its main
products, the company can engage in interior design, production and sale of
furniture, windows, doors, etc. All this can be offered to potential customers to
increase profits.

However, diversification can refer to products and services unrelated to the
primary production. This type of diversification is complicated. However, in the
case of its successful implementation, the enterprise significantly reduces the risks
associated with crisis phenomena in the primary industry. To implement this type
of diversification, the enterprise needs to create new connections with consumers
and partners, form a new system of sales of services and goods, conduct effective
marketing, and gain experience in a new market. This requires time and

considerable human and financial resources.
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Diversification as a complex process is a combination of the process of
creating new goods and services and entering new markets. Goods and services
may be entirely new for the core business. A strategy that new activities are
expensive and risky. So, diversification involves entering new markets unrelated to
the main activity. This contributes to the development of inter-industry ties, which
positively affects the economy of the region or the country as a whole. In general,
diversification is used to increase economic benefits and reduce risks in economic
instability and uncertainty conditions.

The classic view of diversification strategies is considered in the work [31].
The construction of diversification strategies largely depends on the combination
of competencies and capabilities of the enterprise to carry out diversification with
the desire to increase the variety of goods and services.

The system of indicators that determine the enterprise's ability to implement
diversification is described in [32]:

1. Specialization Ratio (SR): The proportion of a firm's annual revenues to
its core business in a year.

2. Related Ratio (RR): The proportion of a firm's annual revenues
attributable to its most significant group of related enterprises.

3. Contiguous Core Resource Ratio (CR): The proportion of a firm's
annual revenues attributable to its most prominent business group that shares or
uses the same common skills or resources.

4. Vertical Ratio (VR): The proportion of a firm's annual revenues
attributable to its largest product group.

According to the definitions, SR indicates the state of diversity used in the
economy, RR and CR characterize horizontal diversification strategies, and VR is
for vertical strategies.

According to the concept described in [33], diversification involves
identifying the type of activity (product) in which the company's competitive
advantages can be most effectively implemented. The company engages in

diversification strategies if it is necessary to reduce risk or to obtain profits in other
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industries. For Ukrainian construction companies, the main reason for
implementing diversification strategies is the economic crisis of recent years.
These crisis phenomena threaten stable profits and fulfilling obligations to
customers and partners.

In the unstable Ukrainian economy, diversification of activities is an
effective way to reduce risks. Another classification of diversification strategies is
as follows:

1. Assortment diversification. When a product is produced, a service is
provided with significant differences from other market positions.

2. Conglomerate diversification. Investing in a market utterly unrelated to
the primary production.

3. Chain diversification. It involves the involvement of suppliers, carriers,
and other companies related to the main activity of the company's structure.

The generally accepted classification of enterprise strategies includes

dominant vertical, limited, unrelated, related, and conglomerate strategies.
Related diversification involves the involvement of factors already existing in the
primary production. Such factors include personnel, sales channels, technology,
suppliers, marketing systems, management methods, etc. The related
diversification can be strong or weak. A well-organized strategy of related
diversification has a positive effect on all strategies of the construction company.
This type of diversification increases the competitiveness of essential goods and
services and reduces production costs thanks to the introduction of new
technologies.

An unrelated strategy involves creating a new product or service
complementary to the main product or service. A conglomerate strategy involves
the creation of a new product that is not related to the main product and is aimed at
a new consumer. Conglomerate diversification is more complicated. Its
implementation is a costly and risky process. On the other hand, if the enterprise
produces only one type of goods, this is a factor of additional risks.

Another classification distinguishes the following types of diversification:
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- vertical diversification consists of the fact that the enterprise produces
goods that are related to the primary goods. In this case, the enterprise creates
goods and services independently, without buying them from third-party
enterprises;

- horizontal diversification involves the release of goods that are not
technologically related to the main goods but, in general, may be attractive to the
main customers of the enterprise. In this case, enterprises can unite and produce
goods that will be in demand among a specific group of customers;

- conglomerate diversification involves the creation of goods and services
that are entirely unrelated to the primary goods and services. Customers of such
goods and services can be completely different consumers. The sales market for
such goods differs from the main one. In this case, the company's activity extends
to new industries to reduce risk, increase profits, and open new markets.

The work [34] defines the following types of diversification processes:

1. Concentric (vertical) — the enterprise produces goods related to the
existing goods of the firm in terms of technology and marketing. The advantages
of this type of diversification are guarantees for the supply of resources, the
availability of reliable product sales channels, and the stability of business relations
at the enterprise. The disadvantages of this type of diversification are reduced
competition, a limited sales market, significant production costs, etc.

2. Horizontal diversification - expansion of one's range of products with
products that are not related to what is produced but create the interest of existing
customers. Horizontal diversification involves the development of new markets
and areas of business that satisfy the needs of existing customers. The advantage of
horizontal diversification is the versatile satisfaction of consumer needs. The
disadvantage is the risk of a decrease in the sales market. This leads to a change in
activity as a whole.

3. Conglomerate diversification - replenishment of the company's
assortment with products unrelated to the technologies used, the markets in which

the company operates, or the existing needs of consumers. This type of
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diversification requires the highest financial costs and can be applied only by large,
profitable enterprises.

In [33], the following types of diversification are defined:

- diversification with vertical dominance;

-diversification with limited vertical dominance, when diversification is
focused on one of the vital positions in the market or on one resource;

- diversification associated with a vertical integration dominant, when
diversification is focused on several strong positions or several resources at the
same time;

- unrelated diversification;

- conglomerate diversification, creation of conglomerates by acquiring
new enterprises;

- passive diversification.

Thus, the diversification of construction enterprises consists in expanding
the enterprise's activities to develop new markets, reduce risk and increase profits.
The choice of diversification strategy depends on the management of the enterprise.
Deciding on the implementation of a specific strategy is an important step in
ensuring the efficiency of a construction enterprise.

To implement diversification strategies at a construction enterprise, it is
necessary to conduct an enterprise analysis, research existing strategies and
propose new diversification strategies. The primary task for the formation of
effective adaptive management of a construction enterprise in terms of
diversification is the analysis of enterprises. The following research sequence is
proposed (Fig. 1.2):

1. Evaluation of the external environment in which the enterprise operates.

2. Analysis of the enterprise from the middle: evaluation of the
management of the enterprise, its organizational structure.

3. Market structure analysis. Estimating the profitability of sales markets
for goods and services.

4. Evaluation of current corporate diversification strategies, if they exist.
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5. Creation of new strategies. Calculation of financial effect and risks from

implemented diversification strategies.

Evaluation of the external environment

Analysis of construction company activity bt
Market analysis bz
o |

Formation of diversification strategies

Asszessment and selection of diversification (€
strategies

Figure 1.2 — Scheme of the study of the enterprise before the implementation of

diversification strategies

The key factors affecting the activity of a construction enterprise are:

1. Factor of the external environment: presence of competitors, partnerships
with other companies, entry into regional construction clusters.

2. The factor of strategic management of the enterprise.

3. Organizational structure of the enterprise.

4. Enterprise productivity.

Analysis of construction enterprises in Ukraine shows that about 40% of
enterprises use related horizontal diversification strategies in their activities, 27%
use unrelated strategies, 9% use vertical strategies, and 24% do not use any of
them.

We will describe the classification of risks of a construction company:

1. Cost risk. This type of risk includes changes in requirements for
construction during its execution, increases in prices for materials, peculiarities of
construction planning, and changes in the time required to complete individual
tasks.
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2. Risk of time. This type includes time spent on work, reduction of time
for individual work, and bureaucracy.
3. Risks related to quality: quality performance of work, qualification of
employees, and quality of managerial work.
4. Risks associated with the environment: noise pollution, soil and air
conditions in the area allocated for construction.
5. Risks related to safety: non-compliance with safety rules at the
construction site, qualification of workers.
From this classification, seven main risks that arise when managing the
activities of a construction enterprise were analyzed and identified:
- time consumption, reduction of time for individual work;
- rising prices for materials and workers' work;
- effectiveness of planning and management of the activities of
construction enterprises;
- bureaucratic procedures;
- low competence of employees;
- the occurrence of changes in operational construction management;

- environmental risks.

1.2.  Features of the application of multi-criteria decision-making methods

for the management of construction companies

The choice of enterprise diversification strategies is a difficult task, as it is
usually carried out based on a whole list of criteria with varying degrees of
importance. However, their consideration is mandatory when making the final
decision. This decision directly affects the enterprise's profit and determines its
future risks. Therefore, the choice must be rational.

Multi-criteria decision-making methods can be used to choose a rational
diversification strategy. In recent decades, such methods have been intensively

developed due to their significant relevance; new methods appear, and already-
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known ones are modified and improved. In this paragraph, the primary known
methods of multi-criteria selection from a set of alternatives are considered, and
their general assessment i1s made regarding the possibility of application in the case
of choosing diversification strategies for construction enterprises.

The first group of methods presented in the review are based on the theory of
fuzzy sets. The theory of fuzzy sets and fuzzy analysis is an effective tool for
making multi-criteria decisions [35]. The theory of fuzzy sets is an extension of
classical logic that allows solving weakly structured problems associated with
insufficient information or processing of inaccurate data. A feature of applying
methods using fuzzy logic for a multi-criteria selection problem, which can help
solve the problem of choosing diversification strategies for construction enterprises,
is the possibility of solving complex problems based on only a few fuzzy rules.
The disadvantage of using fuzzy methods for this task is the need to conduct many
experiments before the appropriate methods can be used to select fundamental
diversification strategies.

We will give a brief overview of recent works related to applying fuzzy logic
methods for the problem of multi-criteria selection. The work [36] examines
methods of ranking alternatives and offers a heuristic approach to determining the
importance of criteria based on fuzzy logic and similarity analysis. Work [37]
considers the decision-making process, particularly for risk assessment, based on
fuzzy procedures. In work [38], the problem of order management is considered
based on fuzzy methods of ranking these orders, which allows the classification of
them according to time. The work [39] considers the method of ranking
alternatives based on the economic effect of their implementation.

A famous mathematical method for solving complex decision-making
problems is analyzing hierarchies [35, 40]. The central assumption of this method
is the use of pairwise comparisons to evaluate alternatives according to various
criteria. The advantage of analyzing hierarchies is that it is simple to apply to a
broad class of problems, it is easily scalable, and experts' preferences are easily

determined. However, the peculiarity of the method is that it only provides an
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opportunity to evaluate an object separately from others by identifying advantages
through paired comparisons [41].

Stages of the method of analysis of hierarchies [42]:

1. Construction of a hierarchy that expresses the problem, considering
alternatives, criteria, and goals.

2. The application of the method of paired comparisons is to establish the
priorities of all hierarchy components.

3. Creation of general priorities for alternative options by constructing a
convolution, as a rule, linear from the priorities of the components of the hierarchy.

4. Study the obtained results for adequacy and compliance with the set goal.

5. Making a decision based on the received general priorities, considering all
possible pairwise comparisons.

The application of the method of analysis of hierarchies is pervasive. In
particular, in [43], hierarchies were analyzed to study urban water supply systems.
In work [44], an attempt was made to combine different approaches to multi-
criteria analysis to identify risks in the assessment of transport infrastructure. This
method was necessary because when applying only one of the methods of multi-
criteria analysis, the correctness of the choice of weighting factors of the criteria
significantly influences the correctness of the decision. This effect is reduced in the
case of a combination of different methods. In [45], an attempt to build a hybrid
multi-criteria decision-making model, which combines the principles of the
analytical network (ANP) and the methodology of laboratory research
(DEMATEL), is substantiated. The application of this hybrid model concerns the
field of trade. In the last decade, scientists have combined it with other methods of
multi-criteria decision-making for the practical implementation of the method of
analysis of hierarchies.

Moreover, as a rule, this combination is expressed in the built combined
models of the hybrid type or, less often, of the selective type. An analytical
network is an extension of the method of analyzing hierarchies and allows for

establishing preferences between clusters or groups of objects. Decision-making
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methods based on analytical networks can be used for planning tasks, especially
for management and selecting alternative projects according to a set of criteria.

The MAUT (Multi-Attribute Utility Theory) [46] theory is used to assess
risks and the degree of uncertainty, as well as to make multi-criteria decisions [46]
At one time, this theory was most often used for multi-criteria problems, in
particular, in work [47] based on it, the method of determining risks of using land
resources. In work [48], MAUT determines placement under production
organization. In many studies, MAUT is primarily focused on natural resource
management, but it can also be used for other risk assessment and multi-criteria
decision-making tasks. In particular, the work [49] analyzed the approach to using
MAUT for the problem of multi-criteria selection in order to avoid or reduce risk.
The methods described in this paper made it possible to identify weaknesses in the
risk assessment of the entire industry, which contributed to the correction of errors
and a more adequate calculation of the assessment parameters. The work [50]
describes the use of MAUT for the task of providing first aid in the case of
evacuation measures and emergencies. The work [51] describes a model based on
MAUT, which uses institutional, cultural, technical and other criteria designed to
contribute to the stability and development of individual regions. Based on this
model, the SANEX decision support system was created and successfully
implemented in Indonesia. The use of MAUT for multi-criteria assessment of
climate change trends is described in [41]. In [52], a combination of spatial
analysis methods and multi-criteria analysis and decision-making methods based
on MAUT was used to assess the risks of soil pollution in Europe.

The goal of multi-criteria decision-making based on MAUT is to calculate
some function that determines the decision-maker's preferences according to n
criteria at each stage of the method. The main advantage of MAUT is that it
considers the uncertainty in the data. However, the disadvantage is the need to
enter a large amount of data at each stage of the method that determines the
preferences of the decision-maker, which can significantly complicate the

implementation of the method as a whole. In addition, advantages should be
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entered in the form of numerical coefficients, subjectively affecting the quality of
the decision. Nevertheless, this method is used in agriculture, resource
management, economic, financial and other problems with significant uncertainty.

Another method that can be used in multi-criteria selection is case-based
reasoning (CBR). CBR consists in solving new problems based on previously
solved ones. For example, if the task of making a multi-criteria decision for
choosing a diversification strategy of a construction enterprise was considered
earlier, then with a high probability that the scheme of constructing alternative
strategies, the list of criteria and their evaluation may be identical, or at least very
similar, which is appropriate to use for new tasks of evaluating diversification
strategies.

The CBR method generally consists of the following four main stages [53]:

1. Selection from memory of cases directly related to the task and can help
solve it. These cases should consist of a goal, a solution, an annotation, or a
justification of how the solution was obtained.

2. Adaptation of the selected case to the given task, taking into account the
goal, alternatives and criteria.

3. Modeling or checking whether the obtained solution can be applied to a
new problem.

4. Saving the obtained solution in the case database if the adaptation was
successful.

Let's consider some successful examples of implementing methods based on
CBR. The work [54] describes a new forecasting method for financial instruments
based on CBR. Information for verification was collected from trading results on
the Shenzhen Stock Exchange in China. CBR with similarity calculation based on
Euclidean distance and urban metric was used for prediction. The ROCBR
(ranking-order case-based reasoning) method was developed in the work, which
allows for finding similarities between fragments of information selected from the
current task and information identified in the past. In [55], a modified CBR method

for the problem of transport insurance is considered. Such a problem has a large
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base of cases, so it is rational to solve it precisely based on the CBR method. The
advantages of the method are that as the base of cases increases, the accuracy of
the solution will improve. In addition, significant costs for the construction and
maintenance of the database are not required. The response from such a database
adapts over time, which is a natural response to changing environmental conditions.
However, a significant drawback of the method is its sensitivity to data
inconsistency, so a significant amount of previous cases, which are described in
detail in the database, is a necessary condition for using the CBR method. Because
of this, most of the applied studies using this method relate primarily to the field of
insurance, evaluation of the result of drug treatment. Also, this method is widely
used to compare enterprises, particularly their activity strategies, which can be
useful when researching diversification strategies.

Another methodology that directly connects with multi-criteria optimization
and system analysis is the analysis of the operating environment (Data
Envelopment Analysis, DEA). This methodology allows for a thorough
comparative assessment of the functioning of complex technical, social and
economic systems and is based on linear programming [56, 57]. Using linear
programming, DEA allows you to measure the relative efficiency of alternatives,
which are then ranked in order of decreasing efficiency. The most effective
alternative gets a score of 1, and all other alternatives compared to this one get a
score of less than 1. Moreover, the closer the score is to 1, the more rational the
alternative is for choosing. This information is provided to the decision-maker. Of
course, assessment can be both quantitative and qualitative.

The disadvantage of the DEA method is that there must be accurate data or
data with complete information for its application. That is, the application of this
method in conditions of uncertainty is complicated. However, the method works
well in cases where the effectiveness of alternatives must be compared. Therefore,
applying this method can successfully solve the problems of agriculture, trade,
medical industry, business, etc.

The paper [58] considers the problem of linear programming for calculating
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efficiency for a decision-making unit based on DEA. The verification of this study
was carried out to evaluate the efficiency of the activities of companies
specializing in the production of liquid crystal displays in Taiwan. Also, the DEA
methodology was successfully used for agricultural problems in India [59]. The
authors were able to rank farmers from the most efficient to the least efficient to
highlight weaknesses in the agricultural sector of a particular region. A similar
concept can be successful in ranking the diversification strategies of construction
companies, so it is valuable for dissertation research. The work [60] suggested
using the DEA method to evaluate education's effectiveness in 30 universities. In
general, the method proposed in this paper made it possible to rank the efficiency
of the selected universities in order of decreasing efficiency. There are also
successful results of using this method for multi-criteria selection of investment
decisions, in particular for large industrial companies and holdings [35].

Let's consider a few more methods of multi-criteria decision-making that have
proven effective. The paper [61] describes the SAW (simple additive weighting)
method or the method of ordinary weighting. The method is based on adding the
evaluations of goal achievement for each alternative criterion, considering the
weights of these criteria. The advantage is a straightforward calculation that may
not require technical means, so this method is often used in business, the financial
sector for quick calculations when establishing a rational alternative.

The ELECTRE (ELimination and Choice Expressing REALITY) family of
methods is also used to analyze multi-criteria decisions. The classic ELECTRE
method consists of two main steps:

1. Establish the preference ratio between each pair of alternatives according to
various criteria.

2. The procedure for forming recommendations and conclusions based on the
results of the first stage. This stage depends on the objectives of the task, in
particular, what the decision maker wants to see: ranking of alternatives, choice,
etc.

The ELECTRE method may require the application of concordance analysis,
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as the ratio of preferences obtained from different experts may vary. The advantage
of the method is the possibility of its use in the presence of uncertainty; it can also
be applied in combination with fuzzy methods that involve blurring data and
qualitative evaluation of alternatives. These advantages are important for many
economic, ecological, energy and other problems [35, 62].

Another method of multi-criteria analysis is the SMART method. The method
is a simplified form of MAUT. The method is believed to be quite successful in
converting importance weights into numerical ratings. The method is easy to use
and does not require constant involvement of decision-makers at all stages of
calculations. However, a necessary condition for its use is sufficient information
about alternatives and the presence of an expert environment. The results of using
the SMART method in construction, logistics, transport management, and
production are described [41].

The PROMETHEE family of methods is similar in content to the methods of
the ELECTRE class because they use the ratio of pairwise preferences between
alternatives. The method is easy to use, but there are difficulties in assigning
weights, which does not rule out its effective use in agriculture, business, chemical
production, etc. [35]. In table 1.1. the considered methods of multi-criteria analysis,
their main advantages and disadvantages are given [35], and the main areas of
application of these methods are indicated the possibility of their application to
evaluating diversification strategies for construction enterprises is analyzed.

Based on the results of the analysis of known methods of multi-criteria
decision-making and multi-criteria analysis, it can be concluded that most methods
consider uncertainty conditions to one degree or another. However, their use in
isolation can complicate the interpretation of results. Since there is a problem in
the research task, which in the case of an incorrect solution can lead to significant
financial losses, it is proposed to use several methods that focus on decision-
making in conditions of uncertainty, preferably taking into account fuzzy data, to
select alternatives that reflect the diversification strategies of construction

enterprises, are relatively simple to implement and allow intuitive interpretation of
48



the results (available scales of quantitative or qualitative assessments) without the
constant involvement of experts or a decision-maker. Also, an important task of the
constructed method should be a clear understanding of the advantages of some

alternatives over others, which allows us to adjust the final decision if necessary.
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Table 1.1. Review of multi-criteria decision-making methods

Methods of multi-

criteria decision- Advantages Disadvantages Possibilities of application
making
Theory of fuzzy sets and | Takes into account the | It is difficult to It can be used to choose

fuzzy analysis

blurring of data, is used
in conditions of
uncertainty

implement and needs
additional numerical
studies before starting to
use it

diversification strategies, as it
assumes the presence of vague
criteria. It is also used in economics,
management, social affairs, and
medicine.

Hierarchy analysis
method

Easy to use, allows you
to solve small tasks in a
short time

Contradictions in the
ranking of alternatives
due to existing
dependencies between
criteria and alternatives.

It can be used to choose
diversification strategies, but it needs
enough information to make a correct
ranking, which is difficult in
conditions of uncertainty. It is used in
resource management and activity
planning.

MAUT

It is used in conditions
of uncertainty

A lot of information
must be entered, the
advantages  of  the
alternatives in pairwise
comparisons must be
rigorous

It can be used to choose
diversification strategies because it
takes into account the uncertainty of
the data. Also used in economics,
finance, agriculture, etc.




Continuation of table 1

1.

Methods of multi-

criteria decision- Advantages Disadvantages Possibilities of application
making

Method of case-based | Adapts to changes in the | Requires a sufficiently For the selection problem, a
argumentation environment, improves | large case base. Also, the | diversification strategy can be
with the increase of the | method is sensitive to applied if there is a sufficiently large
base of described cases | incorrectly entered amount of data. In conditions of
information. uncertainty, the application of the
method is complicated. Used in

design, business, insurance, etc.
The method of analysis | Ability to work with|In  case of  data|It is used in agriculture, medicine,
of the functioning several  inputs  and | inaccuracy, the method | economy, etc. It is difficult to apply
environment outputs. does not work. All|this method to the task of choosing
entrances and exits must | diversification strategies, due to the
be known in advance. fact that the choice of strategies
takes place under conditions of

uncertainty and risk.

Method of usual The method is simple, | The obtained results are | It can be used only as an additional
addition of weights does not require the use | often not explained from | method of evaluating alternatives, in

of appropriate software

the point of view of

combination with other methods. In

complexes. logic, that is, sometimes | general, the method found its
the results do not | application in business problems and
correspond to the state of | in financial mathematics.
the real object of

51



| research.

Continuation of table 1

1.

Methods of multi-

criteria decision- Advantages Disadvantages Possibilities of application
making
SMART The method is simple, The calculation | It is used in construction, transport,
does not require the procedure is not | logistics, and production. For the
efforts of decision- convenient. task of choosing alternatives that
makers. reflect the diversification strategies
of companies, it can be used in
combination with other methods of
making multi-criteria decisions.
ELECTRE The method takes into | It is difficult to interpret | Taking into account the conditions
account uncertainty | the results of calculations | of uncertainty, the application of the
conditions. without the involvement | method is appropriate, but the
of experts. Advantages method has significant drawbacks. It
and disadvantages of is used in energy, ecology and
alternatives are not transport networks.
identified.
PROMETHEE The method is easy to Difficulties with It is used in finance, agriculture,

use.

determining the
weighting coefficients of
alternatives.

hydrology, water resources
management, etc. For the research
task, it can be applied in
combination with other methods.
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Therefore, in general, the constructed new or combined method,
considering the results of other methods, should be focused not only on choosing
one alternative from a set of admissible alternatives, but form a ranked list of them.
This list is provided for consideration by the expert environment and the person
who decides to determine a rational strategy for diversifying the company's
activities.

In addition, a separate difficult task is not only the evaluation of
diversification strategy alternatives but also the formation of these strategies. The
difficulty is mainly manifested in conditions of uncertainty when there is not
enough information about the possible consequences of implementing a particular
strategy. The complexity of forming diversification strategies for construction
enterprises is related to several factors:

1. The -construction industry can be very diverse, and forming
diversification strategies requires careful analysis of different market segments and
their potential advantages and limitations. That is, this factor is determined by the
specifics of the industry, which is complex and heterogeneous.

2. Many stakeholders may be involved in the construction industry,
including customers, contractors, material suppliers, regulatory bodies, etc. It is
necessary to consider all these stakeholders' interests when forming diversification
strategies. This factor is related to the difficulty of simultaneously considering the
needs of many stakeholders.

3. Diversification strategies may require significant financial resources,
which may be a limitation for some construction companies. This factor
determines financial constraints. The construction industry operates in conditions
of significant financial costs, and choosing the wrong strategy can lead to
significant, sometimes irreparable, losses. Therefore, the choice of alternatives
should be approached as carefully as possible.

Diversification can be difficult because the need to manage the risks
associated with different industries or projects. The construction industry can

function simultaneously in a complex of several other industries. In particular, the



construction of plants or factories must consider environmental restrictions and
possible changes to these restrictions, the development of the urban environment,
changes in production needs, etc. Residential construction should consider
population growth in the construction area, etc.

As a backbone industry in most countries, the construction industry is a
primary driver of national economic development. It plays a significant role in the
promotion and development of urbanization and increasing the level of
employment [63, 64]. The construction industry provides almost 7% of jobs
worldwide [65]. According to the National Bureau of Statistics of the People's
Republic of China [66], the construction industry provides about 30 million jobs
and accounts for 7% of GDP. However, the construction industry consumes many
construction materials and emits much carbon dioxide during production activities
[67]. The construction industry is characterized by the second largest carbon
emission in the world, accounting for approximately 33% of global carbon
emissions [68]. In China, the construction industry consumes a significant amount
of energy, accounting for almost 30% of China's total annual national energy
supply [69]. The construction industry leads to many problems, such as
disturbance of biodiversity, generation of greenhouse gases and carbon emissions,
generation of waste [70, 71] and health and safety incidents [72], accounting for
30-40% of casualties all over the world [65]. Due to the rapid growth of the
construction industry in China in recent years, its impact on society and the
environment is increasing, and the importance of corporate social responsibility is
also increasing. Work [73] shows that the Chinese construction industry has low
awareness of corporate social responsibility practices. These practices include
corporate governance, environmental management, occupational health and
development, economic responsibility, and community development. Public
enterprises are more concerned with social responsibility, while private enterprises
focus more on increasing profits. Therefore, another component that should be paid
attention to is the peculiarities of forming the general concept of the development

of construction companies, which is determined by the institutional environment.
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Also, in choosing diversification strategies, it is necessary to pay attention
to technological diversification. Technological diversification means that the
construction enterprise's technological activities and stock of technological
knowledge cover several technological fields. This is necessary to strengthen or
develop new technological capabilities [74, 75]. The key interest here is related to
technological diversification. This means that although the technologies of
enterprises are distributed in different fields, the difference between the elements
involved in the technological knowledge base is relatively small, and the degree of
connection between technologies is relatively high. Enterprises invest in
developing research equipment, human resources and capital in similar scientific
and technological fields, contributing to achieving a higher learning effect and a
cumulative effect for the company's development [74].

The relationship between technological and production diversification is an
important issue that is considered in works [76-80]. The connection between the
implementation of technological diversification and technical competencies is
considered in works [81-83]. Works [84-90] provide thorough reviews of research
and knowledge in the field of diversification of companies. However, the creation
of information technologies, methods and models that would allow forming,
evaluating and choosing rational diversification strategies of construction
companies, taking into account the requirements of the participants in the
construction process and taking into account the peculiarities of the technical and
economic parameters of construction, have not yet been sufficiently developed [91-
95].

Despite the difficulties that arise and accompany the formation and
evaluation of diversification strategies of construction enterprises, this task is
relevant. The relevance of the task of diversification for construction enterprises is
based on several key factors:

1. Demand for the development of the construction industry in conditions
of rapid economic growth in countries with favorable conditions. Rapid economic

growth is manifested in an increase in the country's GDP, an improvement in the
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population's standard of living, an increase in employment, the development of
infrastructure, an increase in the volume of trade and foreign investment, etc. The
People's Republic of China is known for its impressive economic growth over the
past decades. This achievement was possible due to rapid industrialization, an
export-oriented approach to the economy, and the comprehensive implementation
of reforms.

2. Demand for the development of the construction industry in the
conditions of post-war reconstruction. After the end of martial law in Ukraine, the
question of rapid restoration of the infrastructure, housing stock, town-building
industry, manufacturing, etc. arises. This process can be essential for restoring the
affected regions' economic stability and social well-being. Restoring roads, bridges,
railways, airports and other infrastructure elements is necessary to restore
economic life in the affected regions. This helps facilitate the movement of people
and goods and creates conditions for developing enterprises and other spheres of
activity. Reconstruction of the housing stock is one of the most important aspects
after a war or a natural disaster. This may include the reconstruction of destroyed
houses, the construction of new housing for the victims and the creation of
conditions for their return to the destroyed areas.

3. Reduction of risks. The construction industry is known for its high
vulnerability to economic fluctuations and changes in the market situation.
Diversification allows you to reduce the risks associated with specific projects or
markets.

4. Diversification can help businesses use their resources, such as human
resources, equipment, and technology, more efficiently by expanding their
applications in different markets or industries.

5. Diversification can give a construction company a competitive
advantage, providing it with a more flexible and adaptive business approach, which

will expand the range of services to meet the needs of different customers.
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Conclusions to chapter 1

1. The chapter describes the features of diversification of construction
enterprises, basic concepts, types of diversification and the possible effect
of diversification of activities. The system of indicators that determine the
enterprise's ability to implement diversification is also described in the
work. Such indicators include the specialization ratio (SR), the related
ratio (RR), the ratio of adjacent essential resources (CR), and the vertical
ratio (VR).

2. The relevance of the development of the construction industry and the
diversification of the activities of construction companies are substantiated.
The construction industry provides almost 7% of jobs worldwide.
According to the National Bureau of Statistics of the People's Republic of
China, the construction industry provides about 30 million jobs,
accounting for 7% of GDP. However, the construction industry consumes
many construction materials and emits much carbon dioxide during
production. In China, the construction industry consumes a significant
amount of energy, accounting for nearly 30% of China's total annual
national energy supply. Therefore, the formation and evaluation of
diversification strategies of construction enterprises, in particular
technological diversification, is an urgent task today.

3. The possible consequences after the diversification of the construction
industry are characterized, in particular, in conditions of uncertainty and
risk: more effective use of human resources, equipment and technologies,
reduction of risks, and intensification of post-war reconstruction
(especially in Ukraine), an increase in the level of development of
infrastructure, manufacturing and residential construction in the industry

countries with rapid economic growth (in particular, China).
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4. The well-known methods of multi-criteria decision-making are described,
which motivate the application of decision-making strategies regarding the
diversification of the activities of a construction enterprise in the
conditions of formation and evaluation. It is indicated that since
diversification strategies can have a significant number of evaluation
criteria due to the presence of many stakeholders, financial needs,
diversity and heterogeneity of the industry, the application of new or
modification of known methods of multi-criteria decision-making can help
solve the task of evaluating diversification strategies.

5. It was established that due to the heterogeneity and diversity of the
construction industry, as well as due to uncertainty, the task of forming
and evaluating diversification strategies is difficult. Therefore, it should be
a partial task of managing a construction company's organizational
environment. This is the only way to ensure the growth of the company's
profitability and the promotion of global changes beneficial to
stakeholders and the state, which will impact the development of the
construction industry as a whole. The application of the task of evaluating
diversification strategies locally will not significantly change the
efficiency of the construction company and can be used for small
enterprises. Since assessing the diversification strategies of construction
companies is complex and has many influencing factors, it is essential to
develop information technology that would significantly simplify the work

of the construction company's decision-maker or management team.
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CHAPTER 2. THE CONCEPT OF FORMING DIVERSIFICATION
STRATEGIES OF CONSTRUCTION COMPANIES AS PART OF THEIR
ORGANIZATIONAL ENVIRONMENT

2.1.  Creation of the organizational environment of the construction

company, taking into account the diversification of its activities

Let us consider the peculiarities of the work of a construction company and
the decisions related to diversification activities that may arise in conditions of
uncertainty. The activity of any construction company includes a set of actions to
ensure and manage the process of creating buildings from the project to the
completion of construction and commissioning. This activity is included in the task
environment and can be divided into the following directions:

- registration of documents regarding the rights to the land plot on which
construction is planned. This task is complex and falls within the legal sphere;

- finding investors who can finance the construction or the formation of a
financial package that describes all construction costs;

- preparation of documents related to the actual construction, in particular
the construction project;

- construction of the building, involvement of necessary specialists;

- putting the building into operation and managing the construction site in
the future, in particular, leasing the building, selling it, etc., depending on the
purpose of the building.

The described components can be adjusted depending on the purpose of the
building (residential building, non-residential building). It should also be noted that
in crisis conditions, particularly martial law and economic instability, the work of a
construction company and the implementation of the specified tasks are associated
with risk and uncertainty. In addition, if we do not consider the difficult economic

circumstances and the state of war in Ukraine, then in any country, to one degree
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or another, the construction process is associated with risk. In particular, in the
People's Republic of China, due to economic growth, intensification of economic
ties, and changes in the competitive environment, risk and uncertainty are
increasing, especially when managing young construction companies that have not
yet proven themselves in the market. The amount of risk can be reduced if you
respond promptly and effectively to events that occur during the construction
process. However, it is almost impossible to reduce the risk in the presence of
uncertainty. That is why an important component of the construction company's
activity is collecting information from various sources, including external verified
sources, to reduce the probability of unforeseen situations during construction,
document preparation, putting the building into operation, etc.

Let some construction company B be given, the main activity of which is the
creation of real estate objects and the organization of relevant processes during
construction. The organizational structure, activity specifics and the history of this
company's creation of projects and construction objects are known. We will also
assume that the company's activities occur in uncertain and risky conditions.
Suppose that a study of the activities of company B revealed that it is necessary to
implement diversification measures to increase profits and reduce risks. The goal is
to form diversification strategies, evaluate them, and organize the company's work
in such a way as to simplify the identification of possible risks for the effective
management of the company in uncertain conditions.

The evaluation and implementation of appropriate diversification strategies
will simplify the identification of risks for the timely adjustment of the
construction company's activities in uncertain conditions.

The choice of the best or rational solution is a traditional approach to the
rationalization of alternative selection schemes in the activities of a construction
company. A triple is often considered for this

{S,0,R}, 2.1)

where S — set of alternatives, P — principles of optimality or rationality, R —

conditions of selection and results of alternative selection. It is clear that to find a
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solution to the problem of choosing or ranking alternatives, it is necessary to apply
the multicriteria analysis apparatus, and it is necessary to take into account, first of
all, the methods of multicriteria decision-making used in conditions of uncertainty.

In this case, there are three main stages in the decision-making process:

1. Detailed identification and description of alternatives (in the case of the
study - diversification strategies) and criteria for selecting rational alternatives.

2. Carrying out numerical calculations based on the selected multicriteria
analysis method, taking into account the criteria weights to determine the
appropriate assessments of alternatives.

3. Processing the obtained estimates to select a rational alternative or
ranking of alternatives in order of preference for implementation by the described
criteria.

These measures are necessary to overcome or reduce risks. It should be
noted that the risks that accompany the activities of a construction company have
their characteristics. In general, there are five classes of risks in this case, which
are mostly related to change management:

1. Risk of possible expenses. This class of risks in the activities of

construction companies includes:

- rising prices for construction materials during the construction process,
which was not included in the project estimate;

- the need to change the construction schedule, for example, reducing
the time for completion and the need to deliver the building earlier than the
projected date;

- changes in the requirements for the building during construction, in
particular, due to lack of coordination with stakeholders or investors;

- changes in the bureaucratic processes of obtaining construction
permits, commissioning, etc., which directly leads to changes in the duration of

construction and disruption of work schedules;
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- 1imperfect work planning at the beginning of construction and during

the process, especially for new construction companies with little experience.

2. The risk of incorrect assessment of work. This class of risks includes
poor quality assessment or incorrect assessment of the work of contractors
involved in construction, such as subcontractors, poor quality of management work,
problems with planning and organization programs at the construction site, poor
coordination between construction participants, etc.

3. Time risk. This class of risks includes delays in bureaucratic procedures,
time spent on high-quality work, changes in the duration of certain work, etc.

4. Environmental risks and risks related to the environment, including the
impact of construction on the environment in the region, in particular if the
construction is manufactured, noise pollution, possible impacts on the cost of
construction due to lack of information on the presence of groundwater in the soil
under the construction site, etc.

5. Safety risks include poor quality of construction workers and non-
compliance with safety rules, insufficient qualifications of the workforce, etc.

All risk classes are not separate from each other and are closely
interrelated. Where the risk from one class increases, the risk from another class
may increase. Therefore, we can identify critical risks that can affect the quality
and performance of construction. These include:

1. Financial risk (insufficient financial resources to complete projects,
rising materials costs, labor and equipment).

2. Technical risks (technical problems during construction, such as
defects in the design or materials and unexpected technical problems that arise
during the operation of the finished facilities).

3. Planning and scheduling risks (delays in project implementation,

changes in customer requirements or construction project conditions).
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4. Legal and regulatory risks (legal claims from customers or third
parties, bureaucratic difficulties in putting the building into operation or at the
planning stage of construction)

5. Safety risks (injuries and accidents at construction sites).

6. Changes in market conditions (changes in demand for real estate or
construction services, prices for services and construction materials, and the
finished real estate).

It has been researched that overcoming risks in the work of a construction
company is a complex task, which is associated with the complexity of each risk
and the connection of different types of risks. Changes in market conditions, such
as a decrease in demand for real estate, immediately affect financial risks, as
investors may underfund a construction project due to the loss of possible financial
gains, etc. One of the ways to identify risks and reduce their impact on a
construction company is to create and implement diversification strategies. Let us
consider the place of diversification activities in the company's organizational
environment. To do this, we need to define the concept of the organizational
environment of a construction company.

The organizational environment of a construction company is a set of all
factors and conditions that affect its operations and development. The
organizational environment may include economic, social, political, legal,
technological and natural factors that affect the company's operations. The
organizational environment affects all aspects of a construction company's
activities, from strategic planning to production processes and the organization of
stakeholder relations. There must be a shared understanding of what is included in
the organizational environment. However, in the classical sense, the organizational
environment of a company includes the internal environment, the task environment
and the general environment. The internal environment includes interactions with
the company's owners and employees and generally includes the company's
organizational culture. The task environment includes cooperation with customers

and partners, interactions and analysis of competitors, etc. The general or external
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environment includes technological, international, political, economic, and social
factors influencing the company's activities.

\ Diversification activities are separate in this concept of the organizational
environment (Figure 2.1). However, diversification activity is one of the key
elements of the environment that directly affects the development of the enterprise
and is influenced by elements of other environments. Therefore, it is necessary to
adjust the concept of the organizational environment (Fig. 2.1) and build an
improved structural model of the organizational environment for construction
companies, which will combine the entire range of activities of companies in

conditions of uncertainty.

INTERNAL
ENVIRONMENT

General designers

Employees

General contractors

TASK
ENVIRONMENT

Customers
Partners
Suppliers

Competitors

EXTERNAL
ENVIRONMENT

Technological
International

Economic

Social Politic

Figure 2.1 - General scheme of the organizational environment of construction

companies, considering diversification activities.

Therefore, since diversification is an activity, the place of this element in the

structure should be in the task environment. Moreover, diversification activities as
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an element of the task environment will interact with other elements of this
environment. The peculiarity of diversification activities is that they are related to
the internal environment, since organizational culture, priorities and motivations of
the company's owners and the qualifications of employees are factors that
influence the implementation of the diversification strategy. In turn, the success or
failure of the diversification strategy directly affects the owners, employees and
may affect the current organizational culture of the company.

On the other hand, implementing a company's diversification strategies
depends on the external or general environment and especially on technological
and economic factors. Technological factors influence the implementation of
technological diversification, without which it isn't easy to imagine a developed
company. Therefore, technological diversification is exciting in this process.
Technological diversification is a strategic approach companies use to expand their
capabilities and reduce risks by applying various technologies, including
information technologies, in their product or service portfolio. The main goal of
technological diversification is to reduce risk and ensure the company's
sustainability in a changing environment. It allows to expand the range of products
or services offered while increasing competitiveness, adapting to changes in
market demand and entering new markets. For example, a construction company
that specializes in traditional construction may consider implementing energy-
efficient technologies, using modern building materials, introducing automated
construction process management systems, etc. This will allow it to expand its
range of services, attract new customers and reduce dependence on specific market
segments.

Technological diversification may also include investing in research and
developing new technologies that may become a competitive advantage for the
company. Such innovations may be key to its future success and ensure market
leadership. Technological diversification helps companies increase the efficiency
of their operations and adapt to the rapidly changing and competitive business

environment, which is especially true in the construction industry.
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The external environment is directly affected by conditions of uncertainty,
which is manifested by a lack of information about the impacts and possible
turbulent influences, which complicates the analysis and planning of the company's
diversification activities in general. Uncertainty is when information about the
external environment or the results of one's actions is limited, unclear, or
unpredictable. This means that the company cannot predict or control events that
may affect its operations. In each element of the external organizational
environment of a construction company, an element of uncertainty can be
identified:

1. Economic uncertainty, including market changes, fluctuations in raw
material prices, financial crises, etc., can create uncertainty for construction
companies as these factors are difficult to predict.

2. Political uncertainty includes changes in the legal environment,
including legislation and regulation, which may create business uncertainty.
Political crises, wars, and political reforms can also lead to instability.

3. Technological uncertainty. Rapid technological change and innovation
can create uncertainty for companies, as they may be unable to adapt to new
technologies or strategies.

4. Social uncertainty. Changes in social trends, consumer preferences,
and demographic changes can create uncertainty for businesses, as companies may
need help adapting to these changes.

Figure 2.2 shows a structural model of the organizational environment of
construction companies, taking into account diversification activities.

In general, such a conceptual understanding of diversification activities as
part of the organizational environment is only the first, but important stage of
changes in the principles of organizational management. Before applying the
concept of forming, evaluating and implementing diversification strategies of a
construction company, it is necessary to form a high-quality organizational
environment. The described approach will make it possible to manage a

construction company more flexibly, modernize and implement technological
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diversification solutions where necessary, identify management decisions and
respond effectively. For this purpose, engineering principles of company
management can be applied. At the same time, the proposed structural model of the

construction companies' organizational environment should be considered.
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Figure 2.2 - A structural diagram of the organizational environment of construction

companies, considering diversification activities.

The engineering methodology for managing construction companies should
function at all company operations stages. At the same time, specific engineering
approaches should be applied at each stage. It should be noted that each stage will
have its own approach. For example, when forming the organizational structure of
a construction company, organizational engineering is used. Organizational
engineering ensures an effective process of reviewing, optimizing and improving

the organizational structure, business processes, management and communication
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systems to increase the company's efficiency and competitiveness. In addition to
reviewing changes to the organizational structure, organizational engineering also
allows you to optimize business processes, adjust approaches to human resources
management, identify the best areas for implementing information technology, and
improve quality and risk management efficiency. The peculiarity of organizational
engineering is that this process should be continuous or dynamic.

Quality management includes implementing systems such as ISO 9001 and
developing and implementing strategies to ensure high-quality products and
services. Risk management allows for identifying and analyzing the risks
associated with construction projects in conjunction with the peculiarities of the
operating organization structure. The introduction of information technology into
the activities of a construction company includes

- the automation and integration of construction processes;

- the use of project and resource management software;

- the provision of access to information and analytical tools for
decision-making.

Human resources management includes optimizing the employment structure,
developing training and professional development programs, and creating effective
systems for motivating and retaining staff. Analyzing and reviewing key processes
in the company, such as project management, procurement, production, and quality
control, helps to reduce unnecessary costs, increase productivity, and improve the
quality of tasks performed by the law firm.

A review of the organizational structure may include a review of the division
of responsibilities and authority, management levels, chain of command, and
hierarchical relationships. The goal is to create a more flexible and efficient
structure that meets the construction company's needs. Figure 2.3 shows a general
construction company management structure that can be implemented in a real
company.

In addition to organizational due diligence, production, tender, financial,

information and other types of due diligence are used to form the structure of a
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construction company. In particular, production engineering involves organizing a
construction site, supplying resources, equipment and controlling construction
work. Financial engineering involves the formation of a construction budget,
financing certain tasks of a construction project. Information engineering is another
type of engineering that will allow you to qualitatively organize the process of
managing a construction company. Information engineering involves developing
and implementing information systems for managing construction work and
projects in general. Also, risk management engineering is used to reduce risks and
manage specific risks that manifest themselves in the activities of construction
companies. In general, integrating engineering elements into the process of
forming the company's organizational structure is the key to practical work and

achieving the objectives of the company's projects on time and with high quality.
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Figure 2.3. - General structure of the construction company management

Let us consider the general organizational structures that can be formed in the
activities of construction companies. As we have defined, a construction
company's organizational structure is the core at the center of the company's
activities, i.e., it defines the internal environment. It connects it with the task
environment and the external organizational environment. The task is to identify
which of the known organizational structures are suitable for forming the internal
organizational environment of a construction company, taking into account its
intensive diversification activities. These structures are:

1. A structure that provides for the separation of the organizational
structure and the project management center.

2. A structure in which the project management center is located in the
body of the parent organization.

3. A structure in which the project management center functions as part
of the parent organization. That is, the organizational structure accommodates the
project management center and functions.

4. A composite structure in which two or more companies operate. There are
three types of such organizational structures. The first is that a general contractor
manages the construction project, and the client controls individual stages. In this
structure, the general contractor forms the organizational structure, develops
resource plans, and performs full project management. The second structure
assigns a leading role in project management to the client, who allocates
organizational resources, engages contractors, if necessary, etc. The third
organizational structure assigns project management functions to a separate
management firm specializing only in management. The firm provides certain
functions to the general contractor and orders the services of contractors but does
not perform any work on the project.

5. A structure in which two companies with different interests operate. It is

necessary to organize the structure in such a way that the interests of both
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companies are satisfied. To satisfy these interests, a separate board should be
created to deal with issues of interaction.

In order to form an updated organizational structure of a construction
company that would consider diversification activities, the effectiveness of various
organizational structures based on engineering principles was analyzed and studied.
Such a basic structure is a component of the internal organizational environment of
a construction company. It will allow for the effective implementation of
diversification measures, which is the key to increasing financial achievements.
Figure 2.4 shows the main management areas in a construction company's
organizational structure, taking into account the task environment. It includes pre-
project work, creation of project documentation, project management, quality
control and technological control, project financial management, and production
and technological work, including procurement, logistics, and the formation of
construction and operation contracts. All of this relates to the task environment,
which is part of the organizational environment of a construction company. It
should be noted that this structure includes a block of diversification activities,
which includes planning, formulating and evaluating diversification strategies,
implementing diversification strategies, and evaluating results.

After the essential part i1s built and substantiated, the optimal
organizational structure is determined, and the organizational environment of the
construction company is built. The development of diversification models can then
begin. Different diversification models can be defined depending on the type of
construction being considered. Models related to residential construction will have
certain features. The first step is to build the technical and economic parameters of
residential construction and determine the construction technology.

Construction technology is constantly evolving, using new materials,
methods and innovations. The main trends in the choice of construction
technologies include using environmentally friendly materials. There is a growing
demand for materials that are less harmful to the environment. For example, wood,

bamboo, glass, metal and other renewable or environmentally friendly materials
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are becoming more popular. Another exciting trend is 3D printing of building
materials. Other technologies include: modular construction (this approach uses
prefabricated modules that are assembled on site), the use of smart materials
(thermochromic polymers or self-healing materials that allow buildings to adapt to
changing environmental conditions and reduce the need for repairs), the use of the
Internet of Things (connected devices are installed in buildings to collect data on
energy consumption, safety, comfort and other parameters, which allows for more

efficient building management), green construction.
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We will understand technology not only as a way of executing and
implementing construction projects, but also as a set of actions and tools used to
process materials, change their characteristics, place them in space, etc. This is

necessary to create a complete building and construction project on time and with
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high quality. We will assume that construction technology includes a set of such
components:

T, ={C,M,P,Z,T,S}, (2.2)

where C — constructions, M — the material from which these structures are made, P
— technological process of material processing, Z — performers, T — time costs, S —
taking into account the impact of environmental conditions.

Each of the components is made up of a list of parameters that define
this component of the construction technology. For example, residential building
structures consist of the following elements: grillage, foundation, external
envelope structures, utility networks, internal structures, etc. In other words, you
can specify such parameters in this form:

c={C,C,,....C,}, (2.3)

C<C,<C,i=11, (2.4)
Each of the parameters has particular limitations. The limitations are related to the
specifics of applying a particular technology.

Similarly, it is possible to determine the list and quantity of materials
that have limits that meet regulatory requirements and are determined by the need
to use certain materials in a particular construction technology, the availability of
specific materials on the market, etc. That is, such a system of material parameters
is defined as follows:

{(M,M,,.., M}, (2.5)

M=
M<M <M, j=LI. (2.6)

You can also define a list of work parameters and the sequence of their
implementation, as well as the performers. At each stage of construction, the
limitations of technical means and the number of workers should be taken into
account. Time constraints and the impact of environmental conditions are also

considered. Each impact, like other parameters, is numerical and has upper and
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lower limits, which are determined by the specifics of the construction technology,

resource constraints, time constraints, etc. That is:

P={P,P,,...,P.}, P<P, <P, k=1K, 2.7)
2=12,2,,...,2,\}, Z<Z,<Z,n=1N, (2.8)
T={T,T,,....Ty}, I<T, <T, m=1M, (2.9)
S={S..S,,....Sy}, 8<8,<S, y=1LY. (2.10)

Let's introduce the F function, which determines the success of a
construction project. In this context, success in the implementation of a
construction project is a comprehensive assessment that includes the effectiveness

and quality of the project, its accuracy, timeliness, etc. The arguments of the F
function are the selection function or selector C*, which determines which of the
parameters for each component of the technology is selected for implementation in
a particular construction project, i.e. if

E={K,M,P,ZT,S}, (2.11)
then

C*: 2% 527, (2.12)
where 2% - set boolean X, X € E.

If construction company B completes d construction projects in a

reporting period, for example, a year. Then you can formulate an objective
function that will determine the success of the dth construction project:

F, (CE(K),CY (M), CE(P),CE(2),CI(T),C5(S) ) »max (2.13)

Then the potential of the construction company when choosing the
appropriate components of the construction technology E is determined by the

formula:

Rg =(C¥(K),CY'(M),CI(P),CX(Z),C(T),C3(9) ),

(2.14)@" =F, (R} ) - max . (2.15)
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The selection function determines which of the parameters should be
selected for implementing a construction project, considering certain constraints.
This choice should correspond to the features of the construction technology and
meet the interests of stakeholders, investors, general contractors, owners, general
designers, and other participants in the construction process. Each of the
parameters usually relates to specific participants in the process. Therefore, it is
essential to divide the parameters into areas of responsibility of specific
stakeholders. These participants in the construction process, as individuals or legal
entities, are responsible for the preparation and organization of construction works
and the implementation of the construction process from start to finish. Thus, the
task arises of considering not only the requirements of the construction technology
but also the stakeholders' requirements. The scheme of interaction between the
participants of the construction process, considering the high potential of the
construction company, is shown in Fig. 2.5. It indicates that the internal
environment of a construction company includes separately the owner, investor,
general designer, developer, and general contractor, which are the basis. Each
performs their role to implement the construction project and achieve its success
and ensure the high productivity of the construction company.

Let's consider the external organizational environment of a construction
company, the components of which are the main source of uncertainty that
accompanies the activities of construction companies. The external environment
consists of technological, international, political, economic, and social components.

The technological component of the external organizational environment
of a construction company includes various technologies that affect the way the
company functions and develops. Here are some key aspects of the technological
component of the external environment of a construction company:

1. Construction technologies. The development of new building
materials, construction methods and management systems can affect the efficiency

of construction, product quality and competitiveness of the company.
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2. Information technology. Using specialized software products to
design, plan and manage construction projects can significantly increase the
company's efficiency and reduce costs.

3. Digital technologies. The introduction of digital tools, such as
Building Information Modeling (BIM), can improve coordination between
participants in the construction process, reduce errors and optimize costs.

4. Energy-efficient technologies. The growing focus on energy
efficiency and sustainable construction stimulates using the latest technologies to
reduce emissions and energy consumption in construction activities.

5. Robotization and automation. Using robots and automated systems
in the construction industry can increase productivity, reduce risks to workers, and
improve the quality of work.

6. Innovative materials and processes. Developing new construction
materials and methods can open up new opportunities to improve the quality and
efficiency of construction.

7. Internet of Things (IoT): The introduction of IoT in the construction
sector allows for the collection and analysis of data on the operation of buildings,
optimizing their operation and maintenance.

Uncertainty in the technological component of a construction company's
external organizational environment can manifest itself in several ways.
Technology in the construction industry is constantly evolving, and new
innovations can appear quite quickly. This can create uncertainty for companies as
they have to quickly adapt to new technologies and change their processes and
strategies. The introduction of new technologies can have unintended
consequences. For example, a new construction management system may increase
productivity but at the same time create data security issues or require additional
staff training. Uncertainty also manifests itself in the activities of competitors.
Competition in technology can be fierce. New technological solutions may provide

advantages to competitors, or vice versa, a company may be ahead of the
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competition through innovation. This creates uncertainty about which technologies

will be successful in the future.
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OWNER

GENERAL
CONTRACTOR

Commissioning

construction

Figure 2.5. - General management structure of a construction company (internal

organizational environment)

The international component of the external organizational environment
of a construction company includes various aspects that affect its activities and
development in the international construction market. This component includes the
activities of international markets and competition. Construction companies face
competition in the international market with other companies that may have
different levels of expertise, resources, and pricing strategies. Standards and
regulations may also change occasionally: Companies must comply with
international construction standards and regulations, which may differ from
country to country. This can be a challenge when doing business internationally.
International logistics has a significant impact on this component. Sending

materials and equipment across borders can be challenging due to different
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countries' various rules and procedures. Inexperience in this case refers to
unpredictable changes in legislation, currency risks and instability in the
international market.

The political component of the external organizational environment of a
construction company covers the influence of political factors on the company's
activities and market conditions. The key ones are:

1. Specifics of legislation and regulation. Political decisions and
legislative acts may affect licensing procedures, construction safety standards,
environmental standards, and other aspects of construction companies' activities.

2. Tax policy. Tax rates, tax refunds, tax incentives and other tax
aspects may affect the company's financial performance and competitiveness in the
market.

3. Public policy and public relations. Public perception, response to
public discussions and cooperation with local authorities may affect the company's
reputation and the ability to obtain public support for projects.

4. Regional policy. Regional aspects such as local legislation, election
campaigns, infrastructure development and other factors may affect the company's
projects in certain regions.

In this case, uncertainties are associated with political, tax risks, risks of
changes to legislation and regulation of building regulations, etc.

The economic component of the external organizational environment of
a construction company covers various aspects of economic conditions that affect
the company's operations and market position. These include the macroeconomic
situation, including changes in gross domestic product, inflation, unemployment,
etc. Another factor is the cyclical nature of the construction industry, which affects
the volume of investments, etc. Uncertainty is associated with economic instability,
which can significantly change the landscape of the construction industry in
different regions of the world. This environment also includes social and cultural
influences that have their own characteristics and affect the formation of projects

and diversification strategies in the activities of construction companies.
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Thus, we have built a conceptual representation of the structural model
of the organizational environment of construction companies, which takes into
account the diversification of their activities and is distinguished by the fact that it
organically combines the entire range of companies' activities under conditions of
uncertainty. The application of such a concept in the activities of companies should
improve the quality and success of construction projects and generally increase the
productivity of a construction company, despite the numerous uncertainty factors

in which it operates.

2.2.  Method of forming potential diversification strategies for construction

companies

Formulating potential diversification strategies for construction companies
can be a complex process that requires analyzing various factors, such as market
conditions, financial capabilities, technical abilities, and the company's strategic
goals. The success of construction projects and the company's productivity depend
on the implementation of diversification strategies. However, before implementing
a diversification strategy, it is necessary to evaluate it and understand the impact it
will have on the company's development. As described in the previous paragraph,
diversification strategies are formed and evaluated in a separate block in the
organizational structure.

In order to formulate potential diversification strategies for construction
companies, especially in an uncertain environment, it is necessary first to analyze
the market in the construction industry. Market research to identify new
opportunities and niches that can be occupied. This may include assessing the
demand for different types of construction services, identifying market trends, and
analyzing competitors. The next step is to assess competitiveness. It involves
analyzing the strengths and weaknesses of competitors to identify possible market
entry points or segments where the company can have an advantage. After that, it

1s necessary to formulate a strategy, including developing new products or services
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that meet market needs. It can also include expanding the range of existing services,
entering new markets (regional, international), establishing new strategic
partnerships, investing in developing and implementing modern construction
technologies, or improving existing processes to increase the company's efficiency
and competitiveness.

This section will discuss the conceptual framework for developing
diversification strategies for construction companies. For this purpose, the
principles of engineering will be applied and the principles of changes to the
organizational structure of a construction company, which were discussed in the
previous section, will be taken into account. As mentioned above, such changes in
the organizational structure will reduce risks, as construction companies operate in
an uncertain environment. The construction company's diversification center will
take over formulating, evaluating and implementing diversification strategies.

In the course of its activities, the diversification center performs the
following functions:

1.  Collecting and analyzing information related to creating the
company's diversification strategies. These functions are duplicated in the
functions of the analytical department. However, the information related to the
formation of diversification strategies is specific and for the successful
implementation of this concept the invented center must perform these functions.

2. Conduct a comprehensive assessment of the diversification strategies
their economic, technical and other advantages and disadvantages. Based on the
selected strategy or strategies, a business plan is developed and integrated into the
overall business plan of the construction company.

3. Conducting comprehensive engineering of all components related to
the formation, evaluation, selection and organization of the process of
implementing diversification strategies of construction companies.

4. Liaison with the analytical and support departments to create and
maintain documentation on diversification activities.

The stages of forming diversification strategies are shown in Table 2.1.
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Table 2.1.

The concept of formation and implementation of diversification strategies for

construction companies based on engineering principles

Stage 1. Formation of requirements for diversification of the construction
company

1.1. The requirement to minimize financial risk when implementing a

diversification strategy.

1.2. The requirement to increase the return on assets with the existing financial

risk.

1.3. The requirement to ensure a positive increase in the assets of the
construction company as a result of the potential implementation of the

diversification strategy.

1.4. The requirement to ensure an appropriate level of liquidity of the
construction company's assets. Optimization of mechanisms and processes of

asset turnover.

Stage 2: Assessment of the organizational environment of the construction
company and formation of a diversification policy

2.1. Research and analysis of the organizational environment of the
construction company, in particular the impact of the external environment
under conditions of uncertainty to identify potentially profitable sectors for the

implementation of diversification strategies.

2.2. Formation of diversification strategies and formation of their general list in

accordance with the tasks and requirements formulated at stage 1.

Stage 3. Building a ranked list of diversification strategies

by evaluating them based on data from open sources
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3.1. Comprehensive
assessment of construction
project diversification
strategies by a system of

indicators

Analysis of the cost of implementing
diversification strategies and the economic effect
of them, i.e. analysis of real financial flows and

net income of the construction company.

The amount of expenses incurred by the
participants in the construction process for taxes,
purchase of materials and equipment, and
commissioning related to the relevant

diversification strategy.

Number of employees hired to implement the

diversification strategy.

Project capacity for current and non-current assets

based on the results of the diversification strategy.

Calculation of the ratio of the project cost to the
value of the invested assets. The calculation
should be made no earlier than when the project
capacity is more than 70-75%. The cost is

determined by expert evaluation.

The intensity of the development of the invested
funds for the implementation of the diversification

strategy.

The amount and intensity of costs for the

implementation of the diversification strategy.

3.2. Formation of the final ranked list of diversification strategies. The list is

formed according to preferences, where the strategy with the highest score is

ranked first, and the strategy with the lowest score is ranked last.

Stage 4. Building a monitoring system for projects that implement a
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diversification strategy.

4.1 Formation of a system of criteria for evaluating construction diversification
projects and building a list of real projects for diversification by a construction

company.

4.2. Development of a system for evaluating projects in the dynamics, assessing
solvency, liquidity of diversification, financial and resource flows based on the

criteria data.

Stage 5. Implementation of the chosen diversification strategy.

Stage 6. Evaluation of the results of implementing a diversification strategy
in a construction project.

6.1. Evaluation of the results of the diversification strategy implementation
according to the indicators used for the comprehensive project diagnostics
(clause 3.1.)

6.2. Evaluation of the results | INet working capital ratio

of the diversification strategy

implementation by the An indicator of asset liquidity after the end of

following indicators the diversification program.

Indicator of social efficiency of a construction

project.

Calculation of the probability of bankruptcy
after the completion of the diversification

program.

6.3. Assessment of qualitative | Changes in current assets

and quantitative parameters of )
d P Changes in non-current assets

changes in the assets of the

construction company at the Increase in the return on non-current assets




time of completion of the Increase in return on equity of non-current

diversification strategy

assets
implementation compared to
the period before its Increase in balance sheet profit for the
implementation reporting period.

Increase in the share of cash flows in the value

of assets.

6.4. General assessment of the results of the diversification strategy
implementation for the construction company and consideration of this

assessment for planning future projects and programs.

The first stage is the formation of general requirements for the
diversification of a construction company. At this stage, general requirements are
formulated that must be taken into account at the stage of drawing up the
company's diversification strategy. If these requirements are not met, then such a
strategy will not be accepted. This stage includes the requirement to minimize
financial risk in the implementation of the diversification strategy since the
implementation of diversification strategies involves significant financial costs.
This stage also includes the requirement to increase the return on assets with the
existing financial risk, to ensure positive growth of the construction company's
assets as a result of the potential implementation of the diversification strategy, and
to ensure an appropriate level of liquidity of the construction company's assets.

At the second stage, the organizational environment of the construction
company is assessed and a general diversification policy is formed. The
information assessment is based on information from open sources. It emphasizes
that the structure of the construction company should include a diversification
center. This process is described in paragraph 2.1. At this stage, the organizational
environment of the construction company is analyzed, particularly the impact of

the external environment under conditions of uncertainty, to identify potentially
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profitable sectors for the implementation of diversification strategies. Also at this
stage, diversification strategies are formed.

The third stage involves building a ranked list of diversification strategies by
evaluating them. A comprehensive assessment of diversification strategies for
construction projects involves analyzing the costs of implementing diversification
strategies and the economic effect of them, i.e., analyzing the real financial flows
and net income of the construction company, analyzing the number of employees
involved in the project, calculating the ratio of project cost to the value of invested
assets, as well as the cost intensity of the diversification strategy. The stage ends
with forming a ranked list of diversification strategies that are suitable for
implementation and have advantages according to the selected indicator.

The fourth stage involves building a monitoring system for the project that
implements the diversification task. Form a system of criteria for evaluating
construction diversification projects and building a list of real projects for
diversification by a construction company. The fifth stage is the implementation of
the diversification strategy. The results of implementing the diversification strategy
in the construction project are evaluated at the sixth stage. The evaluation is based
on the indicators used for the comprehensive diagnosis of the project.

For a construction company, the method of forming diversification strategies
may include the following steps:

1. Analysis of internal resources and competencies. Before considering
possible areas of diversification, it is essential to assess the company's existing
internal resources, skills and expertise. For example, if a company has experience
in residential construction, it may consider expanding into commercial real estate
or infrastructure projects.

2. Market and competitor analysis. Market research to identify new
opportunities or niches where the company can take its place. This may include
analyzing the demand for different types of construction services, market trends,

and competitive analysis.
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3. Risk and opportunity analysis. It is important to consider the potential
risks associated with any new lines of business and the opportunities they may
bring. This may include financial risks, technical limitations, or risks associated
with market competition.

4. Choosing a strategic direction of diversification. The company may
consider various strategic directions of diversification, such as expanding
geographical coverage, expanding the range of services, vertical or horizontal
integration, or introducing new technologies or innovations in the construction
process.

5. Develop and implement a diversification plan. Once the strategic direction
of diversification has been chosen, a detailed implementation plan should be
developed, including resources, timelines and success criteria.

6. Monitoring and evaluation of results. After implementing new strategies,
monitoring their effectiveness and evaluating the results systematically is
important. This allows you to promptly respond to market condition changes and
correct strategic mistakes.

There are several traditional methods of formulating diversification
strategies for businesses, including construction companies. The key requirement
1s that their data be collected from open sources. Here are some of them:

1. SWOT analysis. A SWOT analysis identifies the company's strengths
and weaknesses (Strengths and Weaknesses) and identifies opportunities and
threats (Opportunities and Threats) arising in the external environment. Based on
this analysis, the company can determine the areas of diversification that align with
its strengths and take advantage of market opportunities.

2. Analysis of the product/service portfolio. This method involves
assessing the company's current portfolio of products or services regarding their
profitability and potential growth. The company can identify new areas of
diversification that complement or expand its existing portfolio.

3. Ansoff's matrix. The Ansoff matrix or the development-penetration matrix

1s the identification of four possible development strategies: development of
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products/services for existing markets, development of new products/services for
existing markets, entry into new markets and development of new
products/services for new markets.

4. Analysis of market and competitive factors. Market and competitor
research can identify new opportunities for development. A thorough market
analysis can identify niches or segments that are attractive to the company.

5. Technology and innovation scanning. Taking into account technological
and innovation trends can identify new opportunities for development. The
company may consider introducing new technologies or developing new products
based on innovations.

Formulas 2.1, 2.2, and 2.3 define the choice of construction technology
as one of the key strategies for increasing the productivity of a construction
company. However, the choice of construction technology is also part of the

construction company's diversification strategy. Moreover, the selected selection

functions are C* : 2* — 2%, 2% _ set boolean X,

X e{K,M,P,Z,T,S} (2.16)

can be adjusted so that the choice of construction technology is consistent with the
diversification strategy proposed for implementation and the requirements
formulated at stage 1 (Table 2.1). However, this may not be enough to choose an
effective diversification strategy, and it is necessary to conduct a comprehensive
analysis of the company's organizational environment, as well as analyze the
competitive environment, identify strengths and weaknesses, and analyze whether
the technologies take into account innovative trends that can provide a higher
economic effect from the implementation of diversification strategies.

With this in mind, the success of a construction project is analogous to
the success of a construction diversification project, with the results of additional
analysis of the competitive environment, etc. included in the determination of the
selection functions C. Accordingly, the success of a diversification strategy is

defined as a weighted assessment of the success of a construction project, taking
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into account the overall assessment of the diversification strategy based on open

sources, that is

®, =1F, (CE(K),CY(M),Ci(P),C%(2),CI(T),Ci(S) J+ (-2 )U,,  (2.17)
where @, - evaluation of the diversification strategy of a construction company;
F,() - assessment of the choice of construction technologies, taking into account

resource constraints, etc;

U, - evaluation of the diversification strategy taking into account the competitive

environment, etc.;
A - a weighting factor that determines the priority of the first and second
assessments in calculating the overall assessment of the construction company's

diversification strategy, A € [0,1].

If =0, then this means that in assessing the diversification strategy of a
construction company, the main role is played by the general assessment of
diversification based on SWOT analysis, or analysis of the competitive
environment.

If A =1, then only the assessment of the choice of construction technology is
taken into account in the diversification assessment.

The following open sources can be used to obtain technical and
economic parameters of the diversification of construction companies' strategies:

1. Financial reports and reports on the activities of companies.
Financial reports of public companies published on their websites or in databases
may contain information on the financial results of various diversification
strategies. This may include data on expenses, revenues, profitability and
profitability of different business lines.

2. Analytical reports and studies. Many financial and analytical
agencies conduct research and analysis in various industries, including the
construction industry. These studies may include an analysis of the technical and

economic parameters of construction companies' diversification strategies.
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3. Scientific publications and journals. Journals and publications
dedicated to the construction industry or strategic management may contain
scientific articles and studies that describe the technical and economic aspects of
diversification in this industry.

4. National and international statistical agencies. Organizations such as
the International Monetary Fund (IMF), the World Bank, and national statistical
agencies can provide data and analysis on the development of the construction
industry and the diversification of strategies within it.

5. Conferences and exhibitions. Participation in exhibitions,
conferences and other professional events can provide an opportunity to learn
about new technologies, innovations and strategies used in the construction
industry.

6. Expert advice. Contacting specialists or consultants in the
construction and strategic management field can also help obtain necessary
information and advice on the technical and economic parameters of
diversification strategies of construction companies.

When analyzing the organizational structures of construction companies,
it is determined that the organizational structure with a diversification center can
be effectively used in conditions of uncertainty, and the use of engineering
principles will allow for the prompt solution of small tasks and strategic changes in
the conditions of the company's operation to obtain more significant economic
benefits. It has been found that for the rational operation of a development
construction company under conditions of uncertainty, a set of three models is
used:

- formation of the organizational environment of the construction company,
taking into account the diversification center;

- formation of technical and economic parameters for the preparation of
construction to ensure the achievement of the goals of all participants in the

construction process: investors, designers, developers, owners, contractors;
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- formulation of diversification strategies based on the analysis of the
competitive market and considering quantitative estimates of technical and
economic parameters to ensure the implementation of diversification strategies.
Quantitative estimates must be selected based on the concept of open sources;

- evaluation of diversification strategies and their implementation in the
activities of the construction company.

The results obtained from the analysis of the organizational environments of
construction companies and the constructed scheme for creating, evaluating and
implementing diversification strategies based on the open data concept have the
following advantages for construction companies

- the ability to reflect the complex diversification processes and management
processes of construction companies under conditions of uncertainty, taking into
account engineering;

- the ability to create, evaluate and implement diversification strategies and
use a scientifically based choice of optimal diversification strategies aimed at
increasing the profits of a construction company, which is especially useful in
conditions of uncertainty;

- the scheme provides for sufficient flexibility, i.e. if the management of the
construction company is not satisfied with the chosen diversification strategy, it is
possible to choose another one from the ranked list;

- increasing the reliability of the analysis of diversification data and the

competitive market by using the concept of open data.

Conclusions to chapter 2

1. It has been established that in the conditions of uncertainty in which
construction companies operate, it is necessary to change the perception of
the organizational environment of a construction company, which consists of
internal, external and task environments. These components of one

organizational environment were described considering the need to include a
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separate component that meets diversification objectives. Thus, as a result of
the study, the conceptual representation of the structural model of the
organizational environment of construction companies was further
developed, taking into account the diversification of their activities and
being distinguished by the fact that it organically combines the entire range
of activities of companies in conditions of uncertainty.

. The formal representation of construction technology and the task of
choosing construction technology is described. The choice of construction
technology, in combination with the analysis of the competitive market and
the analysis of technical and economic requirements for the task of
diversification, makes it possible to thoroughly approach the formation of
diversification strategies for a construction company. As a result of the
analysis, the method of forming diversification strategies has been improved,
taking into account the analysis of information on the activities of
construction companies based on the concept of open sources, which is used
to create a list of alternatives in the task of choosing rational diversification
strategies for companies and allows expanding the possibilities of managing
them.

. The concept of forming and implementing diversification strategies for
construction companies, taking into account the principles of engineering,
which takes into account six main stages from the formation of requirements
for diversification activities to the evaluation of the results of implementing
a diversification strategy in a construction project was described.

. The list of advantages from the formation of diversification strategies on the
new principles is described: the ability to reflect complex diversification
processes and management processes of construction companies under
conditions of uncertainty, taking into account engineering; the ability to
create, evaluate and implement diversification strategies and use a

scientifically sound choice of optimal diversification strategies aimed at
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increasing the profits of a construction company, increasing the reliability of

the analysis of diversification data and competitive

CHAPTER 3. EVALUATION METHOD AND DECISION-MAKING
MODEL FOR CHOOSING RATIONAL DIVERSIFICATION
STRATEGIES FOR CONSTRUCTION COMPANIES

3.1.  General model of multicriteria decision-making for choosing rational

diversification strategies for construction companies

Suppose there is a construction company B whose main activity is the
creation of real estate objects and the organization of relevant processes during
construction. The organizational structure, peculiarities of the company's activities
and the history of creating projects and construction objects are known. We will
also assume that the company's activities are carried out under conditions of
uncertainty and risk. Suppose that a study of the activities of Company B revealed
that diversification measures should be implemented to increase profits and reduce

risks. A set of diversification strategies or permissible alternatives was formed.
S={5,8,,...8,} 5 (3.1)

that can be implemented by the company, i.e., company B has sufficient
financial and human resources for this, n is the number of possible diversification
strategies. Since we are considering a finite-dimensional multicriteria problem, we

will consider the vector criterion for evaluating strategies

c(s):(cl(s),cz(s),...,cm(s)), (3.2)

se€ S, m — number of criteria for evaluating alternatives. Each of the criteria

can have a weight w,,w,,...w_, determining the importance of each criterion in

the evaluation of alternatives, Zwi =1.
i1
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The aim of the study is to determine a rational diversification strategy from

the set of acceptable alternatives
s’ €{8,,8,,...8,}, j=Lk, k<n (3.3)

over a given criterion space, taking into account uncertainty. Moreover, the
result of the method can be either one rational diversification strategy or an ordered
set of strategies

{sf,s;,...sZ}. (3.4)

The evaluation and implementation of appropriate diversification strategies
will simplify the identification of risks and facilitate the timely adjustment of the
construction company's activities in the face of uncertainty.

Choosing the best or rational solution is a traditional approach to
rationalizing the schemes of choosing alternatives in the activities of a construction
company. For this purpose, three options are often considered

{S,0,R}, (3.5)

where S — set of alternatives, P — principles of optimality or rationality, R —

conditions of selection and results of alternative selection. It is clear that in order to

find a solution to the problem of choosing or ranking alternatives, it is necessary to

apply the multicriteria analysis apparatus, and it is necessary to take into account,

first of all, the methods of multicriteria decision-making used in conditions of
uncertainty.

In this case, there are three main stages in the decision-making process:

1. Detailed identification and description of diversification strategy
alternatives and criteria for selecting rational alternatives.

2. Carrying out numerical calculations based on the selected method of
multicriteria analysis, taking into account the weights of the criteria to determine
the appropriate assessments of alternatives.

3. Processing of the obtained estimates to select a rational alternative or
ranking of alternatives in order of preference for implementation in accordance

with the described set of criteria.
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The core of the classical multicriteria decision-making problem is

represented by a decision matrix:

Cl C2 Cm
Wl W2 Wm
sille;, €, - €
S,[[€y €y e €,
SallCni €2 --- Cum

where s, — diversification strategies, j=1,n, ¢, — criteria, w; — weighting

coefficients of the criteria, i=1,m , e — Evaluation of diversification strategies
according to certain criteria. That is, estimates are functions of

e;=c,(s;)- (3.6)

If 1={1,2,...,m} — the set of all indices, I" ={1,2,...,p} — is the set of indices of

the objective functions to be maximized, a I’:{p+l,p+2,...,m} — 18 the set of

indices of the objective functions to be minimized, I1=1" UI" . Then the problem

can be written as follows:

D wic,(s) > max, (3.7)
iel*
> wle, (s) - min, (3.8)
iel”

ZW{zl,ZWi”zl, ses. (3.9)

iel* iel”

Therefore, to solve the problem of making a multicriteria decision, in
particular, selecting or ranking diversification strategies for construction
companies, it is necessary to develop a multicriteria method or methods of
decision-making that would satisfy the conditions:

1. Methods should provide adequate results under conditions of

uncertainty.
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2. Evaluation criteria and alternatives should adequately reflect the
complex diversification processes in the activities of construction companies.

3. The ability to adapt the methods or to use other decision-making
methods, as well as to export results from one method to another, which would
allow to confirm or refute the results of the assessment.

4. Simplicity and clarity in interpreting the results of the assessment of
alternatives, i.e., the creation of appropriate scales and descriptions of the
assessment results, which would facilitate the work of the decision maker.

5. The ability of the decision maker to choose other alternatives if the
proposed ones do not suit him/her. This is ensured by introducing clear preferences
between alternatives.

6. The choice of alternative should be consistent with the resource, in
particular financial and human, capabilities of the construction company.

7. Use of methods for tasks with a significant number of strategies and
evaluation criteria. The ability to link the results obtained from the application of
multi-criteria analysis methods to the company's diversification goals, including
performance parameters, quantitative and qualitative indicators. This allows for
dynamic monitoring of the implementation of diversification strategies, adjusting
them if necessary.

Using these requirements, a multi-criteria decision-making method can be
developed to select a rational strategy or strategies for diversification of a
construction company. This method should be based on a set of criteria, taking into
account resource provision. It is also possible to develop an appropriate
information technology, which, when implemented, will increase the efficiency of
the enterprise in terms of increasing profits in the medium and long term and
reduce the risks of operating under conditions of uncertainty.

It should be noted that the successful implementation of information
technology for evaluating a company's diversification strategies is only one
component of its effectiveness. Among other things, the following performance

results should be taken into account:
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1. Reformatting and improving the concept of forming the structure
and scope of work in the organization of construction and implementing a
diversification strategy.

2. Adaptation of technologies and specifics of activities, in particular,
the peculiarities of the organization of relations between suppliers, customers, and
stakeholders of the company, taking into account the implementation of a rational
diversification strategy.

3. Possibility of changing or adjusting the organizational structure as a
result of the implementation of the roadmap for the diversification strategy.

4. Ability to change the technical and economic parameters of
construction and other activities in accordance with the requirements of the
participants in the construction process based on the peculiarities of the

implementation of diversification measures.

3.2. A model for choosing diversification strategies for construction

companies based on the assessment of construction parameters

As mentioned in Section 2, the task of forming, evaluating and
implementing diversification strategies involves the formation, justification and
selection of construction technology, selection of construction parameters,
assessment of the competitive environment and other components that influence
the choice of a diversification strategy. In the end, the problem of choice is solved,
which allows to form a ranked list of diversification strategies that can be
implemented in the activities of a construction company.

The task of choosing construction technologies was discussed in section 2.
In this section, we will consider the method of selecting construction parameters to
form a rational diversification strategy. We will consider this process on the
example of horizontal integration.

Let the set of construction parameters be given
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a,,8,,...,a_, (3.10)
where s — number of parameters, each of which is evaluated by a set of criteria

2,855,805 (3.11)
where k — number of evaluation criteria.

Also, the decision maker should be involved in the process of selecting the
parameters. In addition, all the parameters under consideration are part of the
requirements for the implementation of specific diversification strategies of the
construction company, primarily horizontal diversification. For example, the
company was engaged in non-business construction and decided to diversify and
expand its activities by launching projects for the construction and commissioning
of residential buildings. The decision-maker may be a representative of the
diversification center, which is envisaged in the new structure of the construction

company. It is important that the parameters a,,a,,...,a, reflected realistic

estimates of various components of the respective diversification strategies and did
not contradict each other. The list of these parameters is formed by the
diversification center for a specific diversification strategy. Although the approach
to the formation of construction parameters may be universal, since economic
conditions are changing rapidly and the risk of environmental impact on the
construction system is increasing, it can be concluded that such a list of parameters
should be formed under a separate diversification strategy for a particular company,
taking into account resource constraints, etc. That is why a separate diversification
center should be provided in the structure of companies.

So, let's consider the process of forming building parameters considering the
horizontal integration of a company that has moved from non-residential to
residential construction. Parameters such as total area, living space, ratio of living
space to total area, building area, and floor height are determined by the customer's
basic requirements for the building. The parameters of comfort, environmental
friendliness, quality and flexibility of the building plan, and the choice of materials

that are easily repairable determine the adaptive potential of the building. All other
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characteristics - energy efficiency, material consumption, labor costs, number of
employees at different stages of construction, cost and duration of construction and
installation works - determine the manufacturability, 1.e. a set of solutions for the
planning and construction of residential buildings that meet the requirements and
standards. Two optimality criteria were chosen to solve the problem: minimizing
and maximizing scores, depending on the content. That is, all construction
parameters will be divided into two blocks depending on the task of maximization
or minimization. The parameters to be maximized in the task are: total area, living
space, comfort, environmental friendliness, flexibility of the building plan. The
parameters to be minimized are: building area, energy intensity, material intensity,
labor costs, cost of construction works, duration of construction works.

Table 3.1 shows a scale for assessing the construction parameters of a
particular diversification strategy.

Let B diversification strategies be given

D={D,D,,....D,} (3.12)

1 N experts who evaluate construction parameters to formulate these
strategies:

E={E.E,....E\}. (3.13)

The maximization set of construction parameters of the diversification

strategy d and the set of experts' estimates of the parameters are given in the form:

Gao={E*(Z,).E°(H,).B°(K, ). B*(1,).E°(R, )}, d=1,B, e =N, (3.14)
where Z, - total building area, Z, eR, Ee(Zd) - estimate of the total

building area for strategy d from expert e. In general, the larger the building area,

the more money the project investor will be able to receive, so this indicator is

maximized. H;, - total area of residential development, H, eR , Ee(Hd) -

Estimation of the residential building area for strategy d by expert e. Comfort
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Ee(Kd) , environmental friendliness Ee(Id) and flexibility of the building plan

E° (R d) - subjective indicators determined by an expert e.

Table 3.1.

Scale for assessing construction parameters for a given diversification strategy

#

Priority

assessment

Verbal assessment

Points

The highest

The parameter is very important for the
construction process participant. Without
its consideration, in the opinion of the
construction process participant, it is
impossible to effectively implement the

Process.

(21-25]

High

The parameter is important for the
construction process participant and its
consideration is key in the construction

Process.

(16-21]

Medium

The parameter is of medium importance in
the opinion of the construction process
participant. It should be considered, but

there are more important options.

(11-16]

Low

The parameter has a low priority for the
construction process participant. It is
likely to be considered, but not
considering it will not significantly affect

the construction process.

(6-11]

Very low

The option has a very low priority. It is

not important for the construction

[1-6]
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‘ ‘ ‘ stakeholder to consider it or not. ‘ ‘

The minimizing set of construction parameters of the diversification strategy

d and the set of experts' estimates of the parameters are given in the form:

Gg ={E°(P,).B(Y, J.E (M, ),E* (V, B (1, }E° (C, )}, d=1B,e=LN (3.15)
where

P, - total area of the land plot, P, eR,

E° (Pd ) - estimate of the total land area for strategy d from expert e,

Y, - energy intensity of construction, Y, €R,
E° (Yd) - assessment of the energy intensity of construction for strategy d

by expert e. The energy intensity (kWh/m?) should be minimal to reduce the
consumption of raw materials for heat and electricity production, so this parameter
is minimized.

M, - material intensity of construction or the ratio of total material costs per

unit of output, Y, eR,
E° (M d) - assessment of the material intensity of construction for strategy d

by expert e,

V, - construction cost, V,eR, V. <V, <V

max ?

Ee(Vd) - estimate of construction costs for strategy d from expert e. The
cost is capped at the top and bottom for each diversification strategy and
construction object,

J4 - cost of employee labor, J,eR, J . <J <J

max ?

E"(J d) - expert ¢e's estimate of the cost of employee labor for strategy d

should be minimized.

C, - duration of construction and installation works, C,eR ,

C,. <C,<C

max ?
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E° (C d) - the estimate of the duration of construction and installation works

for strategy d from expert e should be minimized.

Numerical points
G =G4 UG, (3.16)
according to the scale (Table 3.1) are assigned by experts e and entered into

a separate table. Next, the total scores for each construction parameter for each

diversification strategy are calculated, i.e.

X, ={Z;,Hy, K1, R,P Y M,V L T,Cy (3.17)
and
E(Xd):iEi(xd), x‘eX,,d=1B (3.18)
i=l1
d
E(x")= E(x ), d=1,B, (3.19)

where E(Xd) - assessment of construction parameters for diversification

strategies d = 1,B for each of the evaluation categories for all experts.
General assessment of diversification strategies d = 1,B will look like:
2 E(x')

PG E— 3.20
card(X,) ’ (3.20)

where A¢ - evaluation of diversification strategies d=1,B.

These scores are the basis for applying multi-criteria decision-making to
select a specific diversification strategy for a construction company. The
diversification strategy that receives the highest score is the optimal one for

implementation, i.e.

d*:argmaX{Ad}, d=1,B (3.21)
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where d* - optimal diversification strategy for implementation in the
construction company's activities. All other strategies are arranged in descending
order of score A and a ranked list of rational strategies by preference is generated.
In this example, horizontal integration was considered, so if the type of
diversification changes, approaches to evaluating and formulating optimal

strategies may change.

3.3. Method for assessing diversification strategies of construction

companies

The method of assessing the diversification strategies of construction
companies is used before applying the model for choosing rational diversification
strategies. It consists in expert evaluation of the most important technical and
economic parameters of construction. This is described in paragraph 3.2. However,
in this paragraph we will consider the method of evaluating diversification
strategies on the example of a specific construction company, China Construction
Corporation (CCC). The name has been anonymized because the company,
cooperating with Yancheng Politechnic College in research construction projects,
did not permit to disseminate information on its diversification strategies'
economic and technical components. This is due to the confidentiality of the
diversification policy, as diversification concepts aim to overcome competitors'
influence. Leaking information on further diversification steps could affect the
success of construction projects and the performance of the construction company.

We had data on CCC's activities from 2010 to 2023 to conduct the analysis.
Until 2010, the company was engaged in constructing non-residential real estate in
Jiangsu Province (People's Republic of China). In 2019, the company created a
new diversification sector, whose team, having studied the market, proposed four
diversification strategies (horizontal integration) that could, in the opinion of the

management, increase the company's competitiveness and productivity. The
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strategies concerned four residential complexes, each with its own construction
characteristics, location, area, etc. However, the amount of funding that the
diversification center team had budgeted prevented the implementation of all four
strategies. The first strategy cost $33.5 million, the second - $42.7 million, the
third - $55.4 million, and the fourth - $56.8 million.

To evaluate the diversification strategies, the described evaluation method
and decision-making model for choosing a rational strategy were applied. To do
this, a team of experts was assembled, representing the owner, general designer,
general contractor, investors, and other participants in the construction process. A
preliminary analysis of the projects was conducted and, based on this analysis, the

experts were asked to evaluate the strategies according to the following categories

X, ={ZH K IR, P LY, M,V T,,C L, d=1,4 (3.22)

1. Z, - total building area.

2. H, - total building area.

3. K, - comfort.

4. 1, - environmental friendliness.

5. R, -flexibility of the building plan.

6. P, - total area of the land plot.

7. Y, - energy intensity of construction.

8. M, - material intensity of construction or the ratio of total material costs

per unit of output.

9. V, - construction costs.

10. J, - the cost of employee labor.

11.C, - duration of construction and installation works.

The scores were based on a scale of 3.1. All experts were divided into five

groups and the scores were chosen as the average scores in the code group:
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developers E, , owners E, , investors E, , general contractors E, , general

1 9
designers E . The results are shown in Table 3.2.
According to the results of the survey, according to the scale (Table 3.1),

strategies D, and D, received an overall average score, and strategies D, and

D, received an overall high score, A =154, A*=17,2, A’ =16,3, A* =13,4.

Table 3.2.
Expert opinions on the choice of diversification strategies
Groups of experts (participants in the Average
” construction process) score for
each
E, E, E, E, E; parameter
Diversification strategy D,
1 11,6 11,9 10,1 17,4 18,9 14,0
2 13,6 13,6 17,8 18,7 19,7 16,7
3 15,5 15,0 19,8 20,1 21,9 18,5
4 14,3 17,4 17,3 18,9 21,1 17,8
5 10,4 9,7 9,9 10,6 12,2 10,6
6 20,1 23,2 223 20,1 19,7 21,1
7 19,8 20,0 22,4 22,1 21,8 21,2
8 9,5 9,9 11,5 11,8 11,4 10,8
9 15,8 19,8 14,6 13,0 13,4 15,3
10 15,7 15,4 15,9 17,6 17,9 16,5
11 5,6 6,9 7,1 7,2 8,5 7,1
Diversification strategy D,
1 12,8 12,4 11,7 14,8 19,5 14,2
2 14,7 14,9 17,4 19,0 21,7 17,5
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3 16,8 16,0 18,4 20,2 20,1 18,3
4 13,7 15,3 16,4 17,4 17,0 16,0
5 15,8 15,9 16,3 16,2 17,8 16,4
6 20,9 23,5 21,8 22,0 20,0 21,6
7 18,9 20,9 21,8 21,7 20,9 20,8
8 11,8 11,8 12,4 13,9 13,1 12,6
9 15,0 17,9 18,9 20,4 21,0 18,6
10 18,1 18,0 19,6 19,7 20,8 19,2
11 13,8 14,7 13,5 13,1 14,0 13,8
Diversification strategy D,
1 13,5 12,7 12,7 14,9 19,5 14,7
2 15,8 13,7 16,9 18,6 20,1 17,0
3 16,8 16,8 16,4 16,3 17,5 16,8
4 13,8 14,1 14,0 15,8 17,0 14,9
5 15,0 15,8 16,6 16,8 17,8 16,4
6 20,6 20,1 19,5 19,7 20,5 20,1
7 18,0 18,1 19,6 20,1 20,2 19,2
8 13,6 13,2 12,9 12,7 13,9 13,3
9 16,2 16,0 15,4 15,3 17,0 16,0
10 18,6 17,9 17,3 18,3 19,6 18,3
11 12,4 11,1 12,2 13,0 13,0 12,3
Diversification strategy D,
1 12,8 12,3 11,9 11,1 13,9 12,4
2 15,8 15,6 16,6 16,3 17,9 16,4
3 15,8 16,9 16,4 16,6 17,1 16,6
4 12,8 12,2 13,0 11,1 10,9 12,0
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5 13,9 13,3 12,0 12,9 11,5 12,7
6 14,8 14,9 14,4 15,0 15,1 14,8
7 15,9 13,9 13,2 12,8 11,4 13,4
8 9,9 10,4 10,1 9,0 9,8 9,8
9 11,8 11,6 12,9 12,4 13,3 12,4
10 | 142 14,9 13,1 13,2 16,5 14,4
11| 13,0 13,5 13,0 12,5 12,4 12,9

Since the second diversification strategy had the highest score, it was taken

as a basis. The project implementation began in March 2020 and ended in

December 2021. The company's real profits for the period from 2010 to 2023 were

determined (Fig. 3.1). We also calculated the company's profits after 2020, which

were obtained as a result of forecasting without taking into account the

implementation of the chosen diversification strategy, i.e. before the strategy was

implemented (Fig. 3.2). Both results are shown in Fig. 3.3. As we can see, at first,

there was a decline in profits due to an increase in the cost of implementing the

diversification strategy D, , but as of 2023, there was an increase. Thus, it was

possible to obtain a profit as of 2023, which exceeds the forecasted figures by

11.1%.
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Figure 3.1 - CCC's profit for the period from 2010 to 2023.
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Figure 3.2 - CCC's profit forecast from 2020 to 2023 without taking into account

the implementation of the chosen diversification strategy
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Figure 3.3 - CCC's profit forecast from 2020 to 2023 without taking into
account the implementation of the chosen diversification strategy (blue curve), the

company's actual profit is the orange curve.

The amount of real profits is shown in Table 3.3. The profit forecast was

made using the formula:

j=1

~ P\ oo
qn :(Zij ‘Z(j‘qn—p-{-j)’ (3'23)
i=1
where q, — the projected amount of profit as of a certain reporting period,

q,, — the actual amount of profit recorded at a point in time prior to the current

point in time, Eln - assessment of the profit forecast over time p . In this task, the

value of the period p=35.

Table 3.3. CCC's profit for the period from 2010 to 2023.

Rep o.rt ME 1 profit in min. dol.
period
2010 25,80
2011 25,90
2012 27,80
2013 28,00
2014 27,30
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2015 27,90
2016 29,40
2017 30,20
2018 29,50
2019 30,60
2020 28,10
2021 28,50
2022 30,70
2023 33,90

Thus, it is shown that this method of assessing the diversification strategies of
construction companies, which is distinguished by taking into account changes in
the structure of the organizational environment of companies, allows to increase

the efficiency of company management and obtain potentially higher profits.

Conclusions to chapter 3

1. The general task of multi-criteria selection of diversification strategies for
construction companies was described, which can be used in conditions
of uncertainty when the external environment influences the company's
activities: technological changes, political, economic and other factors.
The lack of information on implementing new company development
strategies creates an urgent need to find methods to improve the
efficiency of company management, particularly in terms of
diversification of activities, and, accordingly, increase profits.

2. The model for selecting rational diversification strategies for construction
companies based on an expert assessment of the technical and economic
parameters of construction was described., which takes into account the
most significant indicators and allows taking into account the preferences
of participants in the construction process. These preferences and the
specifics of diversification strategies are incorporated into the indicators

by the diversification center to be established in the construction

111



company. Since this task is complex and requires a separate team of
experts, if it is impossible to create such a center within the structure of
the construction company, it is necessary to involve a consulting
company that deals with this problem.

. The method for assessing the diversification strategies of construction
companies has been improved, which is distinguished by taking into
account changes in the structure of the organizational environment of
companies and allowing for more efficient management. This method is
based on expert evaluation and considers the opinions of all participants
in the construction process: owners, developers, investors, general
contractors and general designers.

. The method described for assessing the diversification strategies of
construction companies has been verified using the example of a
construction company in the People's Republic of China. The results
showed a positive economic effect from evaluating and implementing the

diversification strategy chosen by the experts.
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CHAPTER 4. INFORMATION TECHNOLOGY FOR EVALUATION AND
SELECTION OF DIVERSIFICATION STRATEGIES FOR
CONSTRUCTION COMPANIES UNDER UNCERTAINTY

4.1. Information technology modules and processes for evaluating and
selecting diversification strategies for the task of managing construction

companies

Information technology processes include the methods and procedures used to
collect, process and manage information, including software development, network
administration and others. The information technology processes for assessing and
selecting diversification strategies for construction companies include the
following steps and actions: data collection and analysis, use of analytical tools,
assessment of strengths and weaknesses, development of diversification strategies,
evaluation of diversification strategies, decision-making based on the results of the
evaluation of diversification strategies or selection of the optimal diversification
strategy, as well as implementation and control. Let's take a closer look at these
processes.

The first process to be mentioned and, accordingly, the first module of the
information system for evaluating and selecting diversification strategies is the
data collection and analysis model. This module includes collecting information
from open sources about the company's activities and its competitive environment.
This information primarily concerns technological, international, political, social
and economic components. Information about the technological component of the
construction company and its competitors includes the collection of information
about the technologies that determine the company's development and its
functioning. This item includes construction technologies that determine the
quality and efficiency of construction. The emergence of new construction

technologies and their use by competitors may mean that other companies have
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discovered new ways of technological diversification and if they successfully use
these technologies, they may be effective and the construction company should
consider adopting the experience of competitors. Another component that is
analyzed in the public domain is the use of information technology by other
companies: special business software, software for managing construction projects,
human resources management, etc. The task is to analyze which software and
hardware are used and what effect they have.

It should be noted that almost all construction companies use BIM
technologies to increase the efficiency of construction project management and
improve coordination between all participants in the company's construction
process. However, this is one of the items that the system needs to collect
information about. Information should also be collected on the use of robotics and
Internet of Things technology in the operation of buildings. Of particular interest is
competitors' use of energy-efficient technologies. This is important not only to
ensure the stability and profitability of the construction company, but also has
important social implications, as the use of such technologies guarantees the state's
energy sustainability, reduction of emissions and energy consumption. If
competitors use such technologies, the construction company should consider the
possibility of developing such technologies on a horizontal level as one of its
diversification strategies.

Information on the international activities of competitors is also a separate
component of the information collection and analysis module. This item includes
competitors' international partners, the company's foreign stakeholders, and
international logistics, if any. International logistics can affect pricing, availability
of resources, etc. Information is also collected on the specifics of legislation and
regulation, tax policy, regional policy, and everything that, from a political and
economic point of view, can affect the development of a construction company in a
competitive environment under conditions of uncertainty. In particular, inflation,
unemployment, employment in the construction industry, interest in the company's

products, etc.
114



After collecting information, it is necessary to analyze it. This is the
responsibility of the diversification center team. The team can conduct a SWOT
analysis for this purpose. A SWOT analysis involves assessing the company's
strengths and weaknesses, as well as opportunities and threats in the external
environment, to determine the best diversification strategies. The analysis can also
use various methods of data analysis and forecasting models to identify potential
diversification strategies and their effectiveness. The Diversification Center team
creates a list of diversification strategies

D=(D,,D,....,D,). (4.1)

As a rule, these are several strategies that constitute a full-fledged business
plan that takes into account the costs of resources, financial and human resources
that need to be attracted to implement the relevant diversification strategy from the
conception to the final stage when the diversification strategy is implemented and
produces economic effect. The diversification strategy should also consider
possible risks that may arise during implementation and afterwards. Diversification
strategies should fit into the environment of tasks in the organizational structure of
the construction company.

The next module of information technology and the corresponding process is
to organize a questionnaire and survey the preferences of the construction process
participants regarding the implementation of the relevant diversification strategy,
including its components. Suppose we are discussing horizontal integration and a
strategy involving investing in constructing a residential complex. In that case,
experts are asked to indicate such preferences in a point system:

- estimation of the total area of the land plot to be allocated for

construction, which is in line with the defined strategy D,, 1=1,n;

- assessment of the energy intensity of a construction project that is in line

with the strategy D, ;
- assessment of the material intensity of a construction project that meets
the strategy D, ;
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- estimating the cost of a construction project that meets the strategy D, ;

- estimating the cost of employee labor in a construction project that meets

the strategy D, ;

- assessment of the duration of construction and installation works;

- estimation of the total building area that is in line with the strategy D, ;
- estimation of the residential building area for the strategy D, ;

- assessment of the comfort of the construction plan;
- assessment of the environmental friendliness of the construction plan;

- assessment of the flexibility of the building plan.

Next, diversification strategies are evaluated D=(D,,D,,...,D, ) based

on the method described above. The results are entered in the table (Table 3.2).
Next, the scores are calculated and a ranked list of diversification strategies is
constructed in descending order of the total score. That is, the strategy with the
highest score will receive the first place. Next, the management of the construction
company considers the proposals made by the diversification center and may
decide to implement the developed diversification strategy. To implement it, a
business plan should be written in detail, describing all the resources and financial
costs during the project implementation. Table 4.1 describes the possible processes
of the technology for assessing and selecting a diversification strategy for
construction companies. Let's take a closer look at the methods used to perform
these processes.
To collect data from the Internet, the diversification center can use:
1.  Web Scraping.
2. Application Programming Interface.
3. Manual data collection.
4. Use of existing data and databases.
Web scraping is the process of automatically collecting data from

websites. This process consists of programmatically accessing the content of web
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pages and then analyzing and extracting the necessary information from these
pages for further use or analysis. First, the program accesses the web server and
retrieves the HTML code of the web page. This can be done using an HTTP
request. The received HTML code is analyzed to determine the page's structure
and find the places where the target information is located. After analyzing the
HTML code, the program extracts the necessary information from various page
elements, such as text, tables, images, etc. This may include using regular
expressions, CSS selectors, or XPath to localize the required data. Once the data is
extracted, it can be processed and saved to a suitable format, such as a text file,
database, or table. Web scraping can be an automated process performed regularly
to update data or collect information from many pages of the same website or

different websites.

Table 4.1.
Processes of technology for assessing and selecting a diversification strategy for

construction companies

Process | Task name Performer / | Method
number responsible
1 Data collection | Diversification center | Method of collecting
and analysis open data from the
Internet
2 Formation of | Diversification center | Method of  forming
diversification diversification strategies,
strategies SWOT analysis,
analytical tools, scenario
development
3 Evaluation of | Diversification center | A method for evaluating
diversification diversification strategies
strategies
4 Decision-making | Management of the | Method of selecting a
construction company | diversification  strategy
for implementation,
implementation and
monitoring of
implementation
5 Evaluation of | Analytical A method for evaluating
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results Department, the results of
Diversification Center | implementing a
diversification strategy

An Application Programming Interface (API) is a set of rules and
protocols defining how programs can interact. An API allows developers to access
functions or data from another program or service without knowing the details of
their implementation. An API defines a set of functions and data available for
interaction. This can be anything from data processing methods to performing
certain operations. An API defines how programs can communicate with each
other. This can include data transfer formats such as JSON or XML and network
communication protocols such as HTTP or TCP/IP. An API may include
authentication and authorization mechanisms that ensure the security of the
interaction between applications. This may include using access tokens, API keys,
and other user identification methods. Many APIs provide documentation and use
cases explaining how to use the API and interact with it. This feature allows you to
use data from sites about the characteristics necessary for analysis and data
collection that can help formulate optimal diversification strategies.

Manual data collection from websites is when a Diversity Center staff
member manually browses web pages and records the necessary information. This
method can be used where automated data collection is not possible or efficient.
Before starting manual data collection, it is essential to determine which websites
will be used as sources of information. These can be competitors' websites, market
portals, news resources, and any other sources that contain important information
to you. Before you start collecting data, it is essential to clearly define what kind of
information you are looking for and what criteria you need to consider when
collecting it. Once you have identified the sources and criteria, go to the websites
and browse their pages. Once you have collected enough data, it is important to
analyze it. Evaluate your collected information, highlighting key information and
trends you've discovered. The information obtained during manual data collection

can be useful in formulating diversification strategies. It can help you understand
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the market, the competitive environment, customer needs, and other aspects that
may affect your strategies. While manual data collection can be time-consuming
and labor-intensive, it can be very useful when automated data collection is
impossible. It can provide important information for strategic decision-making
when formulating sound diversification strategies.

The use of existing data and databases can significantly facilitate the
process of formulating rational diversification strategies for a construction
company:

1. Analysis of historical data. Any construction company has
historical data on its activities, such as costs for various projects, lead times,
quality of work, etc. Analyzing this data can help identify successful and
unsuccessful projects and trends and factors affecting performance. Based on this
analysis, diversification strategies can be developed to improve efficiency and
reduce risks.

2. Study of market data. In addition to its own data, the company
may access market data, such as supply and demand in the construction services
market, price dynamics, consumption trends, etc. Analyzing this data will help to
understand the needs and preferences of customers, identify possible niches for
development and determine the best areas for diversification.

3. Use of competitor data. Data on competitors, their projects,
strategies and results can be valuable information when formulating diversification
strategies. By analyzing this data, a company can identify its competitive
advantages and disadvantages and find new opportunities for development and
differentiation.

4. Assessment of internal resources. Already existing databases may
also contain information about the company's internal resources, such as personnel
qualifications, technical capabilities, material and technical base, etc. This
information can be used to assess the company's internal strengths and identify
expansion opportunities.

In general, using existing data and databases facilitates formulating
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rational diversification strategies, helping a company better understand its internal

and external factors affecting the business and make informed decisions.

Once the data has been collected, it must be analyzed using methods that

will allow to identify those characteristics that may be significant in forming

diversification strategies for construction companies. A SWOT analysis can also

be conducted. SWOT analysis is a powerful tool for assessing the diversification

potential of construction companies. Let us consider its application to the

diversification activities of these companies:

l.

Strengths include:

- experience and expertise in the construction industry, which makes it easier
to execute construction projects in different markets;

- a developed network of clients and partners that can be used to expand into
new market segments;

- availability of resources and technologies for the implementation of new
construction projects in various areas.

Weaknesses include:

- dependence on seasonality and economic conditions in the construction
industry, which may lead to instability in the implementation of new projects;
- high personnel and material costs, which may complicate the process of
diversification and reduce competitiveness;

- limited geographic presence or specialization in specific regions, which

makes it difficult to enter new markets.

. Opportunities include:

- demand for energy-efficient building solutions in the context of
aggravating environmental problems and rising energy costs;

- expansion of markets through the development of urban infrastructures,
residential construction, as well as in the commercial and infrastructure
construction segment;

- the possibility of using new technologies, such as 3D printing of building

materials or intelligent building systems, to increase efficiency and
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competitiveness.

4. Threats include:
- competition in the market, which may lead to falling prices and reduced
margins for new construction projects;
- changes in legislation and regulation, such as energy efficiency standards or
environmental requirements, which may require additional costs and efforts;
- the risk of changes in market demand due to changes in economic conditions
or external factors, such as a crisis or a complaint.

A SWOT analysis will help construction companies objectively assess
their opportunities and threats in the context of diversification and develop a
strategy that maximizes their benefits and reduces their risks.

Developing scenarios or formulating diversification strategies for
construction companies is creating alternative plans and strategies for expanding
their activities into new areas or markets based on the results of a preliminary
analysis of the collected data. To develop scenarios or diversification strategies, it
1s necessary to:

Analysis of internal resources and capabilities. Assess the available
resources, such as staff qualifications, technical equipment, financial capabilities,
etc. Determine which can be used to implement new projects or enter new markets.

1. Examine the current state of the construction services market, industry
trends, customer needs and expectations. Identify expansion opportunities based on
these trends.

2. Consider various opportunities for expansion, such as developing new
construction products, executing projects in other industries (e.g., infrastructure,
commercial real estate, repair, and renovation, etc.), entering new markets, etc.

3. Consider the possible risks associated with each alternative
diversification scenario, such as financial costs, competition, regulatory changes,
etc. At the same time, identify the opportunities and benefits that can be used to
implement each scenario or strategy successfully.

4. Based on analyzing market conditions, company resources, and
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assessing risks and opportunities, develop specific strategies and action plans for
each scenario. Identify the steps required to implement each strategy and the
responsible parties and resources needed to execute them.

5. After developing the diversification scenarios and strategies, evaluate
each regarding its potential benefits, risks, and alignment with the company's
strategic goals. Select the optimal scenario or combination of scenarios for further
implementation.

The next process is to evaluate the developed diversification strategies. To
do this, you can use the method described in this paper. The method involves the
formation of an expert environment mainly from participants in the construction
process: owners, investors, general contractors, general designers, etc. All of them
are involved in the implementation and support of construction projects at different
stages of the construction process, so they understand how the market functions.

After assessing and evaluating diversification strategies D =(D,,D,,...,D,)

a ranked list of strategies is formed, from which the company's management
chooses the optimal one. The strategy that is chosen for implementation has a
detailed plan for the implementation of all stages. Figure 4.1 shows a Gantt chart
of the tasks of the strategy chosen by the management of CCC (for more details on
the formation of the questionnaire and the table of results of the evaluation of
diversification strategies proposed by the team of the diversification center of this
company, see paragraph 3.3). This figure shows the tasks, duration in weeks, start
and end dates, and transitions between tasks. Columns-weeks are highlighted in
blue, where the work performed for two months is reported (the breakdown is
made in two months). The last week of the two months is not displayed; at this
time, the results are summarized and reconciled with the work schedule, and a
work shift is formed for the next two-month period, if necessary.

The last process and module of the information technology for evaluating
and selecting diversification strategies is the implementation and evaluation of the

results of the diversification strategy. Evaluation of diversification results may
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include the following steps: determination of key performance indicators (KPIs),
financial indicators analysis, and reporting documents. If the implementation
results are not satisfactory, the strategy may be adjusted. Based on the data
obtained and conclusions regarding the diversification results, it is necessary to
consider possible corrective actions. This may include adjusting the strategy,
changing the approach to the market, or reviewing the product portfolio.
Evaluating the results of a diversification strategy is an ongoing and iterative
process that allows a company to adapt to changing market conditions and

maximize its success in various markets and industries.

IIIIIIIIIIIIIIIIIEHHIEIIﬂl JNOSOODHEOBONDOGO0BONDHAOB0
[¢]s]6]7]a]2]s]a]s]s]r]1]2]s]a]s]er]1]2]3]a]s]a]7]

1  Selection of location and land plois 02.03.20 17.03.20

2 Issuance of permission documents for the land 18.03.20 2404.20

3 Completion of the plan and concept of the complex 45w 200320 280320

4 Creation of architectural projects and building plans 3w 15.04.20 07.05.20

5 Development of engineering systems (eleciricity, waler supply, heating, efc.) 2w 08.05.20 22.05.20

6  Preparation and submission of documentation for obtaining building permits. 3w 23.05.20 13.06.20

7  Aftracting financing for the construction of a residential complex 8w 20.04.20 20.06.20 e}

8  The budget and resource expenditure plan of the project. 2w 01.07:20 15.07.20 I:I1
9 Commencement of construction works in accordance with the developed prc Iw 16.07.20 10.04.21 |
10 Completion of construction and preparation of the residential complex for coi 8w 11.04.21 13.08.21

11 Carrying out final quality control and object acceptance. 2w 140821 290821

12 Transfer of residential premises to new owners or sale 18w 01.09.21 151221

13 Providing after-sales service to home buyers. 18w 16.09.21 251221

14 Management of the residential complex. 18w 16.09.21 251221

15 Summary and performance evaluation 3w 03.1221 251221

™ Novbecmao | amrebzo | MarAwaer | MaywmAn | uAwHer | Sepocmer | Novbeoma |
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Figure 4.1 - Gantt chart of the strategy objectives, which was chosen by the

management of CCC.

Implementing a diversification strategy for a law firm may involve
expanding the geography of services. The company may expand its operations into
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new geographic markets or regions. For example, if the company has so far
operated only in the local region, it may consider entering international markets or
markets in other areas. Also, in addition to construction, the company may
consider providing related services, such as architectural design, engineering,
repair and maintenance. This may allow the company to attract new customers and
expand its capabilities. The company can expand its product portfolio to include,
for example, the construction of residential buildings, commercial premises,
infrastructure facilities, or even the production of modular building blocks.
Technological diversification may also occur. Introducing new technologies in
construction can help a company differentiate itself in the market and attract new
customers. This may include the use of energy-efficient technologies, the
digitalization of construction processes, or the introduction of construction work.
Diversification can also include the creation of alliances and partnerships. The
company may consider creating partnerships with other companies in the
construction industry or related industries. This can help share resources,
knowledge and experience, leading to mutually beneficial agreements and joint
development.

When implementing a diversification strategy, it is essential to consider
potential risks and challenges, such as increased administrative costs, additional
resources, and regulatory compliance in new industries or regions. Using a SWOT
analysis can help assess the strengths and weaknesses of the company, as well as
the opportunities and threats associated with implementing a diversification
strategy.

A diagram of the information technology processes for evaluating and

selecting diversification strategies is shown in Fig. 4.2.
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Figure 4.2 - Flowchart of information technology processes for evaluating and

selecting diversification strategies

Thus, the combination of the described processes in the information
technology module allows you to create a reliable and efficient decision support
system for choosing a diversification strategy that will increase the profitability of

a construction company, especially in conditions of uncertainty and risk.

4.2. Support for information technology for evaluating and selecting
diversification strategies

Project management for the diversification of a construction company
includes several key steps and business processes aimed at expanding the
company's activities into new construction market segments. The basis of the
company's activities is strategic planning, i.e., setting diversification goals,
analyzing the market and competitors, choosing diversification strategies, etc. The
development of a business plan follows this. Creation of a detailed business plan,
including assessing financial capacity, forecasting revenues and expenses, and
identifying resources required for project implementation. The development of a
business plan is accompanied by marketing research. This involves conducting
market analysis, identifying the target audience, and assessing demand and the
competitive environment in the new segment. After that, it is planned to allocate

the necessary human, financial, and material resources for the project
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implementation, organize production processes in new market segments, ensure the
quality and timeliness of work, and report. A vital management element is
identifying potential risks and developing strategies to manage them. The
development of information technology for evaluating diversification strategies
allows you to synchronize and improve the efficiency of project-oriented
construction company management components.

To support the information technology for evaluating and selecting
diversification strategies, it is necessary, first of all, to ensure the availability of
qualified human resources. This is due to the fact that the diversification center and
analytical departments of the construction company, according to the
organizational structure, perform important calculations and formulate the
company's development strategy, diversification strategies and plans, etc. Finding
human resources to organize the work of a construction company's diversification
center is an important step, as successful diversification requires competent and
experienced personnel. Here are some steps you can take to effectively search and
select candidates:

1. Identify the positions and competencies required for the
diversification center. These may include project managers, analysts, marketing
specialists, financiers, etc. Carefully analyze the tasks and functions of the center
to understand the skills and experience required.

2. Develop a job announcement that clearly reflects the requirements for
candidates and expectations for job responsibilities. Determine the qualifications,
experience, and skills needed to be successful in the center.

3. Use a variety of channels to find candidates, such as online job boards,
social media, recruitment agencies, internal referrals, etc. Pay attention to
promoting vacancies according to the profile of the target audience.

4. Prepare structured interviews to assess the technical knowledge, skills,
and personal qualities of candidates. Pay attention to the specific aspects of
working in a diversification center.

5. Consider not only technical skills, but also the candidate's ability to
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work in a team, adaptability to change, creativity, and initiative. Conduct a
reference check and analyze previous work experience.

6. After selecting the candidates, conduct the hiring process, draw up the
necessary documentation, and ensure an effective process of integrating new
employees into the team.

Taking these steps will help ensure the best candidates for the construction
company's diversification center, which will contribute to the successful
implementation of the diversification strategy. In general, information technology
support for the evaluation and selection of diversification strategies covers a wide
range of activities and services aimed at ensuring the smooth and efficient
operation of information systems, software, and hardware. Here are some key
aspects of support:

1. Technical support includes regular maintenance, troubleshooting,
installation and configuration of software, network and hardware. This aspect of
support is important to ensure the continuity of the IT infrastructure.

2. User support includes assisting users in solving problems with the use
of programs and services, answering their questions, and training them in the use
of new technologies.

3. Ensuring the protection of information and systems from intrusions,
viruses, malware and other security threats.

4. Software development and improvement includes the development of
new programs, improvement of existing programs and introduction of new features
that improve productivity and efficiency.

5.  Data and infrastructure management includes ensuring data reliability
and availability, backup, data archiving, monitoring and management of the
network and servers.

6. Strategic planning and consulting involves assisting in the
development and implementation of strategic plans for the use of technology, as
well as advising on the selection of hardware, software and IT strategies.

7. Staff training and development involves conducting trainings,
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seminars and refresher courses for employees to train them in the use of new
technologies and IT practices.

The use of information technology for evaluating and selecting
diversification strategies will increase the efficiency of construction companies'
management, in particular in terms of diversification of activities, increase the
sustainability of companies in conditions of risk and uncertainty, and increase the
company's profit by selecting optimal diversification strategies that provide for an
increase in the economic effect of their implementation. As shown by the example
of CCC.

In general, the results of the dissertation were not implemented at this
company, because, as indicated, its name is anonymized to protect confidential
data. The implementation was carried out on the basis of Yancheng Politechnic
College (Appendix A), which is implementing several large international research
projects related to the development of technologies in construction, construction
management, etc. The results of this thesis will be implemented as part of one of
these projects and implemented on an experimental basis. If the technology is
successfully tested, it will be implemented in the work of construction companies
in the People's Republic of China.

The choice of diversification strategies for construction companies under
conditions of risk and uncertainty is an important task, and not all the problems
that arise in this area have been solved by this study. Nevertheless, this study has
provided certain theoretical and practical results that can be developed in the future
and implemented in practice in the activities of real construction companies not

only in China but also in other countries.

Conclusions to chapter 4

1. An improved information technology for evaluating and selecting
diversification strategies for construction companies under conditions of

uncertainty is described, which is distinguished by taking into account the
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technical and economic parameters of construction and the preferences of
participants in the construction process and allows to expand management
capabilities and rationalize the choice of diversification strategies for
construction companies.

. The processes of information technology for evaluating and selecting
diversification strategies are described, and the Gantt chart, which is
formed before the start of the construction company's diversification
strategy, is indicated.

. It is indicated that the use of information technology will increase the
efficiency of management of construction companies, in particular in
terms of diversification of activities, increase the sustainability of
companies in conditions of risk and uncertainty, as well as increase the
profit of companies by choosing optimal diversification strategies that

provide for an increase in the economic effect of their implementation.
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CONCLUSIONS

The dissertation is devoted to constructing methods, models and information
technology for forming, evaluating and selecting diversification strategies for
construction enterprises under conditions of uncertainty. The developed methods
and models can be used to solve the urgent scientific and practical task of
increasing the efficiency of management and profitability of construction
enterprises in conditions of insufficient information under the influence of
technological, economic, political, social and other external factors, the
consequences of which cannot be predicted.

The practical significance of the results obtained is that the developed
methods, models and information technology for the formation, evaluation and
selection of diversification strategies for construction companies is an important
step in developing the theoretical and practical framework for ensuring the
sustainability and profitability of construction companies. The resulting tool is
important for construction companies, holdings, and the construction industry as a
whole. In the long run, the use of the developed methods and models will
positively impact the development of the state's legal industry as a whole. The
main provisions and results of the research have been implemented and applied in
the activities of Yancheng Politecnic College.

The following results were obtained:

1. The features of diversification of activities of construction
companies, basic concepts, types of diversification and possible effect of
diversification of activities are analyzed. The relevance of the development of the
construction industry and the diversification of construction companies is
substantiated. The possible consequences of diversification of construction
companies, in particular under conditions of uncertainty and risk, are characterized:
more efficient use of human resources, equipment and technologies, risk reduction,

intensification of post-war reconstruction (in particular in Ukraine), growth of
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infrastructure development, manufacturing and housing construction in countries
with rapid economic growth (in particular, in the People's Republic of China). The
well-known methods of multicriteria decision-making that can be applied in the
context of forming and evaluating decision-making strategies for diversifying the
activities of a construction company were described. It is indicated that since
diversification strategies can have a significant number of evaluation criteria due to
the presence of many stakeholders, financial needs, diversity and heterogeneity of
the industry, the use of new or modification of known methods of multivariate
decision-making can help solve the problem of evaluating the diversification
strategies of construction enterprises. Since the task of evaluating the
diversification strategies of construction companies is complex and has many
factors of influence, it is important to develop information technology that would
significantly simplify the work of a decision maker or management of a
construction company.

2. It has been determined that in the conditions of uncertainty in which
construction companies operate, it is necessary to change the perception of the
organizational environment of a construction company, which consists of internal,
external and task environments. These components of one organizational
environment were described with consideration of the need to include a separate
component that meets diversification objectives. Thus, as a result of the study, the
conceptual representation of the structural model of the organizational environment
of construction companies was further developed, taking into account the
diversification of their activities and being distinguished by the fact that it
organically combines the entire range of activities of companies in conditions of
uncertainty.

3. The formal representation of construction technology and the task of
choosing construction technology is described. It is indicated that the choice of
construction technology in combination with the analysis of the competitive

market and the analysis of technical and economic requirements for the task of
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diversification makes it possible to thoroughly approach the formation of
diversification strategies for construction companies. The concept of forming
diversification strategies for construction companies was described, taking into
account the principles of engineering, which takes into account six main stages
from the formation of requirements for diversification activities to the evaluation
of the results of implementing a diversification strategy in a construction project.
The author describes a list of advantages of forming diversification strategies on
the new principles: the ability to reflect complex diversification processes and
management processes of construction companies under conditions of uncertainty,
taking into account engineering; the ability to create, evaluate and implement
diversification strategies and use a scientifically sound choice of optimal
diversification strategies aimed at increasing the profits of a construction company,
increasing the reliability of diversification data analysis and competitive

4.  The general problem of multi-criteria selection of diversification
strategies for construction companies is described, which can be used in conditions
of uncertainty when the company's activities are influenced by the external
environment: technological changes, political, economic and other factors. The
model for selecting rational diversification strategies for construction companies
based on an expert assessment of the technical and economic parameters of
construction was described, which takes into account the most significant
indicators and allows taking into account the preferences of participants in the
construction process. These advantages, as well as the features of diversification
strategies, are incorporated into the indicators of the diversification center to be
created in a construction company. The method for evaluating the diversification
strategies of construction companies has been improved, which is distinguished by
taking into account changes in the structure of the organizational environments of
companies and allows to increase the efficiency of their management. This method
is based on expert evaluation and involves taking into account the opinions of all

participants in the construction process: owners, developers, investors, general
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contractors and general designers. The described method for assessing the
diversification strategies of construction companies has been verified on the
example of a construction company in the People's Republic of China.

5. An improved information technology for evaluating and selecting
diversification strategies for construction companies under conditions of
uncertainty is described, which is distinguished by considering the technical and
economic parameters of construction and the preferences of participants in the
construction process and allows to expand management capabilities and rationalize

the choice of diversification strategies for construction companies.
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APPENDIX A. ACT OF IMPLEMENTATION

R AWM =gBEEMEN

¥ancheng Polytechnic College

ACT OF IMPLEMENTATION
The act of implementing the results of the dissertation work of PhD student Li Yuanyuan

INFORMATION TECHNOLOGY OF ESTIMATION OF DIVERSIFICATION
STRATEGIES FOR CONSTRUCTION ENTERPRISES UNDER UNCERTAINTY

The commission considered in detail the results of Li Yuanyuan's dissertation research,
"Information technology of estimation of diversification strategies for construction
enterprises under uncertainty” and established:

1. Li Yuanyuan has been actively cooperating with our company for the past few years,
especially on his dissertation research topic. The commission believes that Li
Yuanyuan's dissertation rescarch, "Information technology of estimation of
diversification strategies for construction cnterpriscs under uncertainty," is of
significant practical interest to construction companies and the construction industry
of the country as a whole.

2. In work, the method of forming diversification strategies has been improved, which
takes into account the analysis of information about the activities of construction
companies based on engineering and the concept of open sources, which is used to
creatc a list of alternatives in the task of choosing rational strategics for the
diversification of companies and allows expanding their management capabilities.

3. The work also improved information technology for evaluating and choosing
diversification strategies of construction companies in conditions of uncertainty,
which is distinguished by taking into account the technical and cconomic parameters
of construction and the advantages of participants in the construction process and
allows to ecxpand management capabilities and rationalize the choice of
diversification strategies of construction companies.

4. The method of evaluating diversification strategies of construction companies has
been improved, which is characterized by taking into account changes in the structure
of organizational environments of companies, which is characteristic of conditions of
uncertainty and allows to increase the efficiency of their management. For the first
time, a model for choosing rational diversification strategies of construction
companies is described based on an expert assessment of the technical and economic
parameters of construction, which takes into account the most significant indicators
and allows taking into account the advantages of participants in the construction
process,

5

The decision of the commission:

Information technology, methods and models of formation,
of diversification strategies, which were developed by Li Yua
"Information technology of estimation of diversificatio
enterprises under uncertainty” provide a powerful tool )% dgi tivitics of
construction companies in terms of diversification of their fictiviti i es possible
to increase such companies' productivity and profits in t i . ThE Committee
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members believe that Li Yuanyuan deserves to be awarded %
and Technologics. as

01 li1 5!2024 a2 02200200

tion and selection

144



APPENDIX B. LIST OF THE APPLICANT'S PUBLICATIONS ON THE
THEME OF THE DISSERTATION AND INFORMATION ON THE
APPROVAL OF THE RESULTS OF THE DISSERTATION

Articles in professional publications of Ukraine

(included in the list of the Ministry of Education and Science of Ukraine)

1. Yuanyuan, Li, Biloshchytska, S. (2019). Diversification of activity as a
component of adaptive strategic management of construction enterprise.
Management of development of complex systems, 37, 173 — 177. DOI:
10.6084/m9.figshare.9783233 [category «B»]
https://urss.knuba.edu.ua/files/zbirnyk-37/30.pdf

2. Yuanyuan, Li. (2019). Multi-criterian methods for selection of rational
strategies of diversification of building enterprises under uncertainty.
Management of development of complex systems, 38, 173 — 178. DOI:
10.6084/m9.figshare.9788705 [category «B»]
https://urss.knuba.edu.ua/files/zbirnyk-38/29.pdf

3. Yuanyuan, Li., Biloshchytska S. (2019). The problem of choosing a

diversification strategy for a building enterprise in risk conditions. Scientific
Bulletin of Uzhhorod University. Series of Mathematics and Informatics,
2(35), 119-126. DOI: 10.24144/2616-7700.2019.2(35).119-126 [category
«B»]

http://visnyk-math.uzhnu.edu.ua/article/view/184236/189215

4. Yuanyuan, Li. (2024). Development of a method for evaluating
diversification strategies for managing the activities of construction
companies. Management of development of complex systems, 57, 72 — 76,

https://doi.org/10.32347/2412-9933.2024.57.72-76 [category «B»]

Articles in professional publications of Ukraine
(not included in the list of the Ministry of Education and Science of Ukraine)

145


https://urss.knuba.edu.ua/files/zbirnyk-37/30.pdf
https://urss.knuba.edu.ua/files/zbirnyk-38/29.pdf
http://visnyk-math.uzhnu.edu.ua/article/view/184236/189215
https://doi.org/10.32347/2412-9933.2024.57.72-76

1. Yuanyuan, Li. (2020). The problem of choosing a strategy for
diversification of a construction enterprise. Science Journal Innovation

Technologies Transfer. 10-14.

Approbation works
1. Li Yuanyuan, Biloshchytskyi A., Bronin S., Liashchenko T. (2021). A

Conceptual Model for Diversification Strategies Choice, 2021 IEEE International
Conference on Smart Information Systems and Technologies (SIST), Nur-Sultan,
Kazakhstan, 1-4, doi: 10.1109/SIST50301.2021.9465934. [Scopus, Web of
Science]

2. Yuanyuan, Li. (2020). The problem of choosing a construction
enterprose diversificstion strategy. Seventh international scientific-practical
conference «Management of the development of technologies» Topic:
"Information technology development of educational contenty Kyiv, 25 — 26
March 2020, 133-134. [In Ukrainian]

3. Yuanyuan, Li. (2019). The problem of choosing a diversification strategy
for a building enterprises. VI International Scientific and Practical Conference
"Information Technologies and Interactions", December 20, 2019, 101-103.

4. Yuanyuan, Li. (2019). Problem of adaptive management and
diversification of construction enterprises. I international scientific-practical
conference, IMTSK-2019 (Information Modeling Technologies, Systems and
Complexes), 96-98.

5. Yuanyuan, Li. (2019). The strategy of diversification of construction
enterprises. XV International Scientific and Practical Conference "Project
Management in the Development of Society", May 17-18, 2019, 60-61.

6. Yuanyuan, Li. (2018). Strategic analysis of diversification opportunities
of the building enterprise. V International Scientific and Practical Conference

"Information Technologies and Interactions", November 20-21, 2018, 59-60.

146



	INTRODUCTION
	CHAPTER 1. THE PROBLEM OF DIVERSIFICATION OF ENTER
	1.1.Application of diversification approaches to incre
	1.2.Features of the application of multi-criteria deci
	Conclusions to chapter 1

	CHAPTER 2. THE CONCEPT OF FORMING DIVERSIFICATION 
	2.1.Creation of the organizational environment of the 
	2.2.Method of forming potential diversification strate
	Conclusions to chapter 2

	CHAPTER 3. EVALUATION METHOD AND DECISION-MAKING M
	3.1.General model of multicriteria decision-making for
	3.2.A model for choosing diversification strategies fo
	3.3.Method for assessing diversification strategies of
	Conclusions to chapter 3

	CHAPTER 4. INFORMATION TECHNOLOGY FOR EVALUATION A
	4.1. Information technology modules and processes 
	4.2. Support for information technology for evalua
	Conclusions to chapter 4

	CONCLUSIONS
	APPENDIX A. ACT OF IMPLEMENTATION
	APPENDIX B. LIST OF THE APPLICANT'S PUBLICATIONS O

